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EXECUTIVE SUMMARY

This report updates the hydrogeologic conceptual model for the carbon tetrachloride and

uranium/technetium plumes in the 200 West Area of the Hanford Site over the last 5 years (1994
through 1999). During this 5-year period, the Environmental Restoration Contractor (ERC) has

been performing interim remedial actions at three operable units to remove the carbon

tetrachloride and uranium/technetium contamination from the subsurface. These actions include

the following:

* 200-ZP-2 soil vapor extraction system that is designed to remediate carbon tetrachloride

in the vadose zone

* 200-ZP-l extraction treatment injection system that is designed to remediate carbon

tetrachloride, trichloroethene, and chloroform in the groundwater

* 200-UP-1 extraction treatment injection system that is designed to remediate the primary

contaminants of technetium-99 and uranium and the secondary contaminants of carbon

tetrachloride and nitrate in the groundwater.

The data collected during these remedial actions and during other 200 West Area

characterization and monitoring activities have resulted in modifications to the understanding of

the subsurface system and contaminant distribution.

The objective of this 5-year update is to address the aspects of the hydrogeologic conceptual

model related to romediation of the carbon tetrachloride and uranium/technetium plumes.

Specifically, the update focuses on the following activities:

* Integrate new data into the current understanding of the 200 West Area hydrogeologic

conceptual model
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* Integrate new data into the current understanding of the distribution of the major

200 West Area contaminant plumes and the contaminant inventory disposed to the soil

column

* Document groundwater remediation system performance in relation to the updated

conceptual model

* Describe general aquifer conditions and aquifer response to Hanford Site operations and

remedial actions

* Discuss recent plume modeling results and how' they support discussions of future

remediation efforts

* Support development of a final Record of Decision for the remediation activities.

Updates to the hydrogeological conceptual model include the following observations:

* The sedimentary units'of the vadose zone and unconfined aquifer have been categorized

as hydrogeologic modeling units based on properties that generally affect groundwater

flow (i.e., texture, sorting, and cementation). This new model should be useful for future

modeling of contaminant movement and distributions.

The Upper Ringold Unit has been found to extend further south within the 200 West Area

and southeasterly beyond the 200 West Area than previously reported. Because this unit

has a lower permeability than the overlying and underlying gravel-dominated units, it

may affect aqueous and contaminant migration and distribution.

* Natural recharge from precipitation is most recently estimated at greater than 100 mm/yr

in the carbon tetrachloride disposal area (Payer and Walters 1995). This is the first time

that an areally extensive quantitative distribution of recharge has been performed for the
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Hanford Site. Natural recharge may continue to drive contaminants toward the

groundwater.

In 1995, the rate of decline of the water table increased, particularly in the central portion

of 200 West near the Plutonium Finishing Plant (formerly named Z Plant) and the TX-TY

tank farms, when liquid discharges to the soils were terminated per the Hanford Federal

Facility Agreement and Consent Order (Tri-Party Agreement) (Ecology et al. 1994)

milestone series M-17. Some groundwater monitoring wells have already gone dry as a

result of the declining water level, and numerous other wells are projected to go dry as

the water table continues to decline.

* With the shut down of the 216-U-10 Pond in 1984 and the cessation of all liquid

discharges in 1995, local groundwater mounds have been dissipating. As a result, the

flow direction across the 200 West Area can begin to resume the regional west-to-east,

pre-Hanford operations direction rather than the local radial flow patterns produced by

the groundwater mounds.

* Groundwater flow directions underlying the carbon tetrachloride disposal sites are

strongly influenced by the 200-ZP-1 groundwater pump-and-treat system, which has been

operating at full-scale since 1996. Monitoring systems for some facilities (e.g., Low-

Level Burial Ground waste management area 4) have been directly affected because of

reversals in groundwater flow directions (DOE-RL 1999b). Operation of the 200-ZP- 1

pump-and-treat system has also decreased the downward hydraulic gradient in the area of

the extraction wells (mitigating downward movement of dissolved contaminants) by

accelerating removal ofthe groundwater mound in the unconfined aquifer.

* Groundwater models have been used to predict the elevation of Hanford Site water levels

to the year 2350, after the effects of surface liquid discharges have dissipated and

approximate steady-state conditions reached (Cole et al. 1997). Based on these modeling

results and because of irrigation practices in the Cold Creek Valley west of the Hanford
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Site, it is predicted that water levels will not return completely to pre-Hanford conditions

in the western portion of the Site.

A diminution of the 1,000-pg/L contour in the plume of dissolved carbon tetrachloride in

the northern part of the 200 West Area has been observed. However, one well in this

area has consistently maintained concentrations above 1,000 pg/L. This well is located

far enough to the northwest of the known source cribs that the question of another carbon

tetrachloride source in the northern part of the 200 West Area shouid be considered. In

addition, the shape of the baseline plume in this area (west to east) implies another

possible source of carbon tetrachloride in addition to the known sources south and east of

the Plutonium Finishing Plant.

Pump-and-treat extraction and irjection operations have affected the distribution and

concentrations of carbon tetrachloride in the high concentration (4,000 to 8,000 pg/L)

centroid portion of the plume. The >4,000-pg/L contour interval has expanded in size

and now extends more northerly and easterly near the extraction wells. The steady or

increasing concentrations over a larger area may imply the presence of dense

non-aqueous phase liquid (DNAPL), residual carbon tetrachloride, or a higher

partitioning coefficient than previously estimated,

Dissolved carbon tetrachloride has been observed deep (>10 rn [32.8 ft]) within the

unconfined aquifer and within the uppermost confined aquifer in the 200 West Area. At

both the middle and bottom of the unconfined aquifer, the highest sample results underlie

the high-concentration area of the water table plume. The presence of carbon

tetrachloride deep in the aquifer implies that either DNAPL sank through the aquifer

during disposal and is slowly dissolving, or that elevated dissolved concentrations were

driven downward by groundwater hydraulic forces.

Technedum-99 has been detected in groundwater removed by the 200-ZP-1 extraction

wells. Concentrations have ranged from 20 to 286 pCi/L at the extraction wells (all

concentrations are below the maximum contaminant level [MCL] of 900 pCi/L) for
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samples collected in calendar year 1999. The source of this contamination has not been

determined but could be the 216-Z-9 Crib or the TX-TY tank farms.

* Remediation of technetium-99 at the 200-UP-I OU has nearly met the goal of 10 times

(9,000 pCi/L) the MCL (DOE-RL 1999b).

* A substantial retardation factor (related to the distribution coefficient, K) is hindering

remediation efforts for uranium, and little or no progress has been made toward meeting

the remediation goal of 480 pCi/L. An empirical value of K for uranium, was calculated

using field data collected during remediation operations. This evaluation yielded a K of

0.13 mLg. Groundwater numerical modeling has shown that a small Kd (0.5 mUg)

significantly reduces the rate of plume movement from the 200 West Area (Chiaramonte

ot al. 1997).

* The ERC developed and applied a groundwater numerical model to predict the long-term

impacts of contamination on the groundwater and to evaluate the effectiveness of current

and proposed remedial actions (Chiaramonte et al. 1997). Based on this study, the mass

of carbon tetrachloride (which is not being remediated) that has moved away from the

source area in the 200 West Area is sufficient to cover the entire 200 Area Plateau and

could potentially reach the Columbia River at concentrations above drinking water

standards. Remediation of the high-concentration area in the central area of the plume

will help to prevent further degradation of the unconfined aquifer, but only near the

200 Wet Area.

* Again, based on the ERC study, little benefit appears to be gained by active remediation

of the technetium-99 and uranium plumes. If remediation were discontinued, it is

predicted that concentrations of technetium-99 and uranium would fall below

groundwater regulatory limits before leaving the 200 Area Plateau.

The collection of technical information during remedial operations and other investigations over

the past 5 years has enhanced the understanding of the contaminants and the physical system in
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which they are contained. This update to the conceptual model has been useful for identifying

data gaps related to plume distribution and movement. Recommendations to address these data

gaps are as follows:

* The lateral extent of carbon tetrachloride in the vadose zone and the vertical extent of

carbon tetrachloride dissolved in the groundwater need better definition to support mass

balance and remediation efforts.

Recommendations: (1) Characterize the deep distribution of carbon tetrachloride in

groundwater by advancing new well installations to the uppermost confined aquifer and

sampling for carbon tetrachloride, (2) install new groundwater wells to monitor deep

within the unconfined aquifer, (3) reconfigure existing wells for groundwater and vadose

sampling, and (4) reconfigure well 299-W-4-09 to determine carbon tetrachloride

concentrations to the east of the 200-ZP-1 remediation site.

* The location, amount, and properties of DNAPL carbon tetrachloride within the

subsurface need to be assessed to help focus and define remediation needs.

Recommendation: Measure rebound of carbon tetrachloride concentrations in

groundwater during a period of shutdown of the 200-ZP-l groundwater pumping

operations. An increase in concentrations would indicate DNAPL.

* The extent of carbon tetrachloride nonequilibrium sorption in the vadose zone and

groundwater needs to be determined to help account for the inventory and define

remediation needs.

Recommendation: Conduct laboratory tests and analyses on representative Hanford Site

sediments.
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The value and variability of the equilibrium partitioning coefficient (K) for carbon

tetrachloride on site sediments need to be quantified to help account for the inventory and

refine numerical predictions of carbon tetrachloride transport rates.

Recommendation: Conduct laboratory tests using site-specific soils and representative

mixtures of organics.

The residual saturation of carbon tetrachloride in the vadose zone should be quantified to

help account for the carbon tetrachloride inventory, refine estimates of flux to the

groundwater, and refine numerical modeling estimates of the depth of carbon

tetrachloride within the aquifer.

Recommendation: Collect and analyze soil samples (i.e., split-spoon or core samples) in
the vicinity of the disposal sites to determine the residual saturation.

Estimates of the fate and location of the original carbon tetrachloride inventory

discharged to the soil column need to be improved to support remediation efforts.

Recommendation: Re-evaluate the inventory mass balance based on more recent studies

and data from current remedial actions in the groundwater and the vadose zone.

The source(s) of the observed distribution of carbon tetrachloride in groundwater away

from the known disposal sites should be evaluated to help focus source removal and

groundwater remediation efforts.

Recommendulisn: Re-evaluate the hydraulic flow fields during and after the carbon

tetrachloride disposal to determine if the distribution of carbon tetrachloride is reasonable

based on the hydraulics alone or if a yet-to-be identified source contributed to the

groundwater contamination.
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Volatilization of carbon tetrachloride from the groundwater to the vadose zone should be

evaluated to support assessments of natural attenuation and remediation efforts.

Recommendation: Conduct a study, including field measurements near the

groundwater/vadose zone interface, to quantify the volatilization process.

. The cause and significance of the variability in the ratio of carbon tetrachloride to

chloroform detected in groundwater samples should be evaluated to support

understanding of contaminant source, inventory, and distribution.

Recommendation: Conduct a systematic study of the carbon tetrachloride/chloroform

relationship in both the vadose zone and groundwater using existing data.

. The identification and extent of a suspected technetium-99 plume to the east of the

200-ZP-1 pump-and-treat site should be evaluated to help support groundwater

remediation efforts.

Recommendations: Sample well 299-W14-09 at depth for technetium and then

reconfigure it as a monitoring well at the top of the unconfined aquifer. Conduct

additional sampling for radionuclides at the 200-ZP-1 groundwater extraction wells and

as part of system operations.

* The value and variability of the partitioning coefficient (Kd) of uranium at the 200-UP-1

site need to be defined to support numerical predictions of the rate of plume migration.

Recommend n: Conduct laboratory tests using site-specific soils and/or field tests to

quantify the partitioning coefficient (KL) for uranium on aquifer soils.

* Field monitoring data are needed to confirm the numerical modeling predictions that

pump-and-treat remediation of technetium-99 and uranium is of little technical benefit
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and that concentrations of technetium-99 and uranium will fall below groundwater

regulatory limits through natural attenuation alone before leaving the 200 Area Plateau.

RecomMendation: Shut down the pump-and-treat system at 200-UP-1 and implement a

monitoring program to track plume movement and to measure rebound of uranium and

technetium.
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METRIC CONVERSION CHART

The following conversion chart is provided to aid the reader in conversion.

if You Know
Length
inches
inches
feet

yards
miles

Area
sq. inches
sq. feet
sq. yards

sq. miles
acres
Mass (weight)
ounces
pounds
ton
Volume

tspoons
tablespoons
fluid ounces

cups
pints
quarts

gallons
cubic feet
cubic'yards
Temperature

Fahrenheit

Radioactivity

picocuries

Into Metric.Units

Multiply BY

25.4
2.54
0.305
0.914
1.609

6.452
0.093
0.0236
2.6
0.405

28.35
0.454
0.907

5
15

30
0.24
0.47

0.95
33
0.028
0.765

subtract 32,
then
multiply by

37

To Ot

millimeters

centimeters
meters
meters
kilometers

eq. centimeters
sq. meters
sq. meters
sq. kilometers

hectares

taus

kilograms

metric ton

milliliters

milliliters
milliliters
liters
liters
liters
liters
cubic meters
cubic meters

Celsius

millibecquerel

If You Know
Length
millimeters

centimeters
meters
metes
kilometers

Area
sq. centimeters
sq. meters
sq. meters
sq. kilometers
leitrs
Mass (weight)
gMs
kilograms
metric ton
Volume
milliliters
liters
liters
liters
cubic meters
cubic meters

Temperature
Celsius

Radioactivity
millibecquerel

Out of Metric Units

multiply BY

0.039
0.394 -
3.281
1.094

0.621

0.155
10.76
1.196
0.4
2A7

0.035
2.205
1.102

0.033
2.1
1.057
0.264
35.315
1.308

To Got

inches
inches
feet

yards
miles

sq. inches
sq. feet

sq. yards
sq. miles
acres

ounces

pounds
ton

fluid ounces

pints
quarts
gallons
cubic feet
cubic yards

multiply by Fahrenheit
9/5, then add
32

0.027 picocuries
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1.0 INTRODUCTION

The Environmental Restoration Contractor (ERC), Bechtel Hanford, Inc. (BHI), conducts
groundwater remediation activities across the Hanford Site for the U.S. Department of Energy
(DOE). The groundwater has been contaminated by a variety of chemical and radiological
constituents associated with past liquid effluent disposal and by unintentional leaks and spills.

The ERC is currently.performing interim remedial actions at three operable units (OUs) located
in the 200 West Area of the Hanford Site. Operable units, as defined under the Comprehensive
Environmental Response, Compensation, and Liability Act 1980 (CERCLA), are established to
address contamination issues in various areas of the Hanford Site, The three 200 West Area OUs
currently using interim remedial action treatment systems are as follows:

- 200-ZP-2 - A vadose zone vapor extraction system that is designed to remediate carbon
tetrachloride.

* 200-ZP- 1- A groundwater pump-and-treat system that is designed to remediate carbon
tetrachloride, trichloroethylene (TCE), and chloroform.

- 200-UP-! - A groundwater pump-and-treat system that is designed to remediate the
primary contaminants of technetium-99 and uranium and the secondary contaminants of
carbon tetrachloride and nitrate (Figure 1).

This report updates the hydrogeologic conceptual model of the 200 West Area as it relates to the
primary contaminants being remediated by the three treatment systems.

The report is organized into five main sections. Section 1.0 discusses the scope of this document
and provides background information. In Section 2.0, the hydrogeologic setting is presented,
including updates on the geology, hydrogeology, and the hydraulic influence of the pump-and-
teat operations. Section 3.0 includes a discussion of the contaminant distributions, and
Section 4.0 provides a discussion of the contaminant transport. Data gaps and recommendations
are provided in Section 5.0. Supporting information is contained in Appendix A.

1.1 . SCOPE

This report updates'the groundwater and vadose zone aspects of the hydrogeologic conceptual
model for the 200 West Arem. Morm specifically, this update discusses water level changes,
contaminant movement both laterally and vertically in the saturated and unsaturated zones,
geologic interpretations, and numerical modeling results. In addition, this report discusses the
impact oft treatment systems on the contaminant plumes (i.e., carbon tetrachloride, uranium,
and technetium-99) and the current status of groundwater conditions in the OUs located in the
200 West Area of the Hanford Site.

This report does not consider the tank farms, Low-Level Burial Grounds, or other Resource
Conservation and Recovery Act of)976 (RCRA) facilities located in the 200 West Area.
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1.2 OBJECTIVES

The overall objective of this report is to support current interim remedial action operations by
presenting a refined conceptual model of the contaminant plumes and providing
recommendations for additional data collection. The specific objectives of this report are as
follows:

Present the current understanding ofthe 200 West Area hydrogeologic conceptual model
associated with the carbon tetrachloride, uranium, and technetium-99 plumes

* Document groundwater remediation system performance

* Describe general aquifer conditions and aquifer response to remedial actions

It is anticipated that this report will provide a vehicle for discussions on remediation efforts and
will support development of a final Record of Decision (ROD) at these sites.

1.3 BACKGROUND

The following subsections provide a brief overview of the historical operations and the remedial
action objectives (RAOs) for each of the three treatment systems located in the 200 West Area.

1.3.1 200-UP-1 Pump-and-Treat Operations

Initial operations consisted of a pilot-scale treatability test conducted from March 1994 to
September 1995 (DOE-RL 1995c). The treatability test demonstrated that ion exchange
was effective at removing uranium and technetium-99 from extracted groundwater to below
U.S. Environmental Protection Agency (EPA) maximum contaminant level (MCL) guidelines.
The Phase I pump-and-treat operations commence September 25, 1995, using a single
extraction well and a single injection well. Groundwater was treated onsite using ion-exchange
technology and granular activated carbon (OAC). This system operated until February 7,1997.
During this period of time, operations continued with anticipation of the release of the Interim
Remedial Measure Prposed Planfr the 200-UP-) Operable Unit, Hanfor4 Washington
(DOE-RL 1995b) and the issuance of a ROD.

On February 25, 1997, an interim remedial action ROD was issued for the 200-UP- I
pump-and-treat operations (DOE at al. 1997). The selected remedy consisted of extracting
groundwater from the highest concentration zone of the uranium and technetium-99 groundwater
plumes and routing the groundwater to the Effluent Treatment Facility (ETF) in the 200 East
Area for treatment. Since initiation of Phase II operations on March 31, 1997, contaminated
groundwater has been pumped from the extraction well and transported via pipeline, 11.3 km.
(7 mi) to the ETF. Treated groundwater is discharged to the State-Approved Land Disposal Site
(SALDS) north of the 200 West Area.
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The interim remedial action ROD (DOE et al. 1997) has the following specific RAOs:

* Reduce contamination in the areas with the highest concentrations of uranium
and technetium-99 to below 10 times (480 pg/L) the cleanup level under the Model
Taxics ControlAct (MTCA) for uranium and 10 times (9,000 pCi/L) the MCL for
technetium-99

* Reduce potential adverse human health risks by reducing contaminant mass

* Prevent further movement of these contaminants from the highest concentration areas

- Provide information that will lead to the development and implementation of a final
remedy that will be protective of human health and the environment.

For additional site characterization and background information on the 200-UP-I OU and
pump-and-treat activity, refer to the Remedial Invenigation/Feasibility Study Work Plan for the
200-UP-1 Groundwater Operable Unit (DOE-RL 1994), 200-UP-1 Groundwater Remedial
DeslgWfemedlal Action Work Plan (DO-RL 1997), and the Engineering Evaluation/
Conceptual Planjfr the 200-UP-1 Groundwater Operable Unit Interim Remedial Measure (BH1i
1996b). Information regarding the progress of the 200-UP-1 pump-and-treat operations is
provided in 200-UP-1 Groundwater Pump-and-Treat Phase IAnnual Report, FY 1996 (BHI
J996a); Fiscal Year 1997 Annual Reportfor the 100-NR-2, 200-UP-1, and 200-ZP-1 Pump-and-
Treat Operations and Operable Units (Bil 1998); and Fiscal Year 1998 Annual Summary
Report for the 200-UP-1, 200-ZP-1, and 100-NR-2 Pump-and-Treat Operations and Operable
Units (DOE-RL 1999b).

Previous conceptual model information is provided in the Hydrogeologic Modelfor the 200 West
Groundwater Aggregate Area (Connelly et al. 1992) and the 200 West Groundwater Aggregate
Area Management Study Report (DOE-RL 1993). Numerical modeling is provided in the
Hanford Stewide Groundwater Remediation Srategy - Supporting Technical Information (B Hi
1996c) and Haqford Sitewide Groundwater Remediation Strategy - Groundwater Contaminant
Predictions (BIl 1997b).

13.2 200-ZP-1 Pump-and-Treat Operations

The 200-ZP-1 pump-and-treat system was implemented as an interim remedial action to prevent
further movement of groundwater carbon tetrachloride contamination and to reduce contaminant
mass. The system was implemented in a three-phased approach. Phase I operations consisted of
a pilot-scale ireatability test from August 29,1994, to July 19,1996. During this operating
period, contaminated groundwater was removed through a single extraction well at a rate of
about 150 L/min (45 gal/min), treated using GAC, and returned to the aquifer through an
injection well. For more detailed information about operations during the treatability test, refer
to the 200-ZP-1 Operable Unit Theatability Test Report (DOE-RL 1995a).

Concurrent with Phase I operations, an interim action ROD (EPA 1995) was issued in June 1995,
selecting the remedy using groundwater pump-and-treat technology to minimize further
migration of carbon tetrachloride, chloroform, and TCE in the groundwater. Phase II operations
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commenced August 5, 1996, in accordance with the interim action ROD and the Hanford
Federal Facility Agreement and Consent Order (Tri-Party Agreement) Milestone M-1 6-04A
(Ecology et al. 1994). Phase HI operations ended on August 8, 1997, for transition to Phase III
operations. The well field configuration during Phase 11 operations consisted of three extraction
wells, pumping at a combined rate of about 570 L/min (150 gal/min), and a single injection well.
Groundwater was treated using an air stripper and GAC for purging the air stream. For a
detailed description of the treatment system setup and operation, refer to the 200-ZP-1 Interim
Remedial Measure Quarterly Report, October - December 1996 (BIl 1997a).

Phase Il operations were initiated on August 29, 1997, which satisfied Tri-Party Agreement
Milestone M-16-04B. The well field was expanded to include six extraction wells and five
injection wells, and pumping was increased to a combihed rate of 720 L/min (190 gal/min). The
treatment process for the Phase IIl system also uses air-stripping technology and GAC for
remediating contaminated groundwater. Extraction wells were installed to contain the high-
concentration portion of the carbon tetrachloride plume situated near the Plutonium Finishing
Plant (formerly named Z Plant), as required by the interim action ROD.

The interim remedial action selected by the interim action ROD has the following specific RAOs
and performance criteria:

* Prevent further movement of contaminants from the highest concentration area of the
plume (i.e., contain contaminants inside the 2,000- to 3,000-p±g/L contour).

- Performance criterion 1: Establish an inward hydraulic gradient within the
2,000- to 3,000-pg/L carbon tetrachloride contour (the containment perimeter).

- Reduce contamination in the area of highest concentrations of carbon tetrachloride.

- Performance criterion 2: Operate an interim remedial treatment system that will
remove carbon tetrachloride, chloroform, and TCE, and will also measure the
mass of carbon tetrachloride removed.

- Provide information that will lead to development of a final remedy that will be
protective of human health and the environment.

- Performance criterion 3: Evaluate aquifer and contaminant properties
information collected during well installation and process operation.

For additional site characterization and background information on the 200-ZP-1 OU and
pump-and-treat activity, refer to the Engineering Evaluadon/Conceptual Planfor the
200-ZP-1 Operable Unit Interim Remedial Measure (BIl 1994), and the 200-ZP-1 IRM Phase II
and If? Remedial Design Report (DOE-RL 1996a). Information regarding the progress of the
200-ZP-1 pump-and-treat operations is provided in BHI (1998) and DOE-RL (1999b).

Previous conceptual model information is provided by Connelly et al. (1992) and DOE-RL
(1993). Numerical modeling is provided in BHI (1996c) and (1997b).
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1.4 200-ZP-2 SOIL VAPOR EXTRACTION OPERATIONS

The 200-ZP-2 soil vapor extraction (SVE) operations were implemented as an expedited
response action (ERA) to remove carbon tetrachloride contamination from the vadose zone,
thereby minimizing any additional contamination of the groundwater. The first site evaluations,
which included a pilot test of a SVE system, were conducted in 1991. Results of the initial ERA
site evaluations were summarized in the Expedited Response Action Proposal (EE/CA & E4)for
200 West Area Carbon Tetrachloride Plume (DOE-RL 1991).

Based on the initial investigations and on the engineering evaluation and cost analysis (EE/CA),
the preferred alternative for removing the carbon tetrachloride from the vadose zone was SVE
followed by above-ground vapor treatment using (AC (DOE-RL 1991). In January 1992, the
EPA and the Washington State Department of Ecology (Ecology) signed an action memorandum
authorizing DOE to initiate SVE for cleanup of carbon tetrachloride (EPA and Ecology 1992).
The first SVE system began operating in February 1992. By March 1993, three SVE systems
were in operation, with a total extraction capacity of 85 m3/min. The three systems were
operated at the 216-Z-1A tile field, 216-Z-9 Trench, and 216-Z-18 Crib. These three areas were
selected for initial SVE operations because they were the primary known disposal sites for
carbon tetrachloride. In August 1995, SVE operations were expanded to include the 216-Z-12
site. This disposal site was known to have received carbon tetrachloride, and ERA
characterization activities indicated significant concentrations of carbon tetrachloride in the
subsurface soil vapor.

A rebound study was conducted throughout the carbon tetrachloride SVE sites from
November 1996 through July 1997 (Rohay 1997). The purpose of the study was to determine
the increase in carbon tetrachloride vapor concentrations following shutdown of the extraction
systems. All three SVE systems were shut down on November 4, 1996, and restarted on July 1,
1997. All three SVE systems continued to operate until September 30,1997. During the time
when the systems were off-line, carbon tetrachloride concentrations were monitored at 90
subsurface monitoring locations, ranging in depth from 1.5 to 64 m.

Based on the results of the rebound study and the declining rate of carbon tetrachloride removal
during continuous extraction operations, the operating strategies for fiscal years (FYs) 1998 and
1999 were modified. Rather than operating all three SVE systems continuously, only the
14.2-m 3/min system was used for carbon tetrachloride removal. During each of these two years,
the 14.2-m3/min SVE system was operated for 3 months at the combined 216-Z-lA, 216-Z-18,
and 216-Z-12 well fields and for 3 months at the 216-Z-9 well field. The SVE system was shut
down for the winter from October through March in FY 1998 and in FY 1999.

For the 6-month period that the system was shut down during each of FYs 1998 and 1999,
the rebound in carbon tetrachloride concentrations was monitored at nonoperational wells
and probes covering both well fields. For the 3 months that the system was operated at the
combined 216-Z-lA, 216-Z-18, and 216-Z-12 well fields, carbon tetrachloride
concentrations were monitored at nonoperational wells and probes primarily at
the 216-Z-9 well field. For the 3 months that the system was operated at the 216-Z-9
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well field, carbon tetrachloride concentrations were monitored at nonoperational wells and
probes primarily at the 216-1-IA, 216-Z-18, and 216-Z-12 well fields.

The action memorandum (EPA 1992) described the purpose of the ERA as follows:

The purpose of this action is to mitigate the threat to site workers,
public health, and the environment caused by the migration of carbon
tetrachloride vapors through the soil column and into the
groundwater. The action is an Interim action taken to reduce the
mass of carbon tetrachloride in the soil column beneath the 200 West
Area pending the final cleanup activities associated with the'
200-ZP-1 and 200-ZP-2 Operable Units.

For this report, the purpose statement above can be divided into the following four RAOs:

- Mitigate the threat to site workers

* Mitigate the threat to public health

- Mitigate the threat to the environment caused by the migration of contaminants from soil
to groundwater

* Reduce the mass of carbon tetrachloride in the soil.

For additional site characterization and background information on the 200-ZP-2 OU and SVE
activity, refer to DOE-RL (1991), Rohay et al. (1992), Rohay et al. (1993), Rohay (1995),
Weekes and Olaman (1995), and Rohay (1996). Information regarding the progress of the
200-ZPr2 SVE operations is provided in Rohay (1997) and (1999).

Previous conceptual model information is provided in Rohay et al. (1994) and Rohay (1999).
Numerical modeling is provided in Rohay and McMahon (1996) and Piepho (1996).

2.0 GEOLOGY AND HYDROGEOLOGY

2.1 GEOLOGY AND HYDROGEOLOGY

This section updates the geologic and hydrogeologic conceptual model of the 200 West Area
using information collected or reported primarily since 1994.

2.1.1 Updates to the Geologic and Hydrogeologic InterpretatIon of the 200 West Area

The unconsolidated sediments overlying the Miocene Columbia River Basalt Group constitute
the Ringold Formation, the Plio-Pleistocene unit, and the Hanford formation, in ascending order
(Figure 2). Eolian or alluvial deposits of geologically recent origin may overlie the Hanford

6



BHI-01311
Rev. 0

formation. Lindsey (1991) classified the Hanford Site sediments Into seven lithostratigraphic
categories within the aforementioned formations. The lithologic, depositional, and especially
hydraulic characteristics of the sediments exhibit enough variation that additional divisions were
made for hydrogeologic modeling (Hartman 1999).

For modeling purposes, the suprabasalt sediments were examined and reassigned to
hydrogeologic modeling units based on properties that generally affect flow (i.e., texture, sorting,
porosity, and cementation) (Hartman 1999). This resulted in nine hydrogeologic model divisions
from the initial seven lithologic/stratigraphic units (Lindsey 1991); seven of the hydrogeologic
units are below the water table (Table 1). In general, the odd-numbered model units refer to
transmissive sediments, whereas the even-numbered units are of low hydraulic conductivity or
aquitards. The water table is found within hydrogeologic unit 5, which correlates to the Ringold
Unit E and the lower sandy interval(s) of the Upper Ringold (as defined in Lindsey 1991). As
represented in Figure 3, hydrogeologic unit 3 (Plio-Pleistocene carbonate unit), hydrogeologic
unit 6 (Ringold Unit C), and hydrogeologic unit 7 (Ringold Units B and D) are graphically
shown to be extensive and pervasive across the Hanford Site. However, hydrogeologic units 6
and 7 have not been encountered in boreholes in the 200 West Area.

Hydrogeologic unit 3, the Plio-Pleistocene, is present throughout the 200 West Area as the
combined silt (early Palouse soil) and carbonate units. The early Palouse terminates within or
near the southeast, south, and southwest boundaries of the 200 West Area (Figure 4). The
carbonate unit thins to approximately 3 m to the southwest but maintains a thickness of 5 in or
more throughout the remainder of the 200 West Area. The combined units attain a thickness of
greater than 25 m locally in the central part of the 200 West Area and directly overlie the
hydrogeologic unit 4 sediments (Upper Ringold).

Hydrogeologic unit 4, or the Upper Ringold (Lindsey 1995), has been depicted as not extending
into or beyond the southern one-third of the 200 West Area. However, the unit was found to
extend southeasterly into the Environmental Restoration Disposal Facility (ERDF) and was
identified in boreholes between the 200 West Area and the ERDF site. This unit pinches out in
one of the ERDF excavations. Hydrogeologic unit 4 sediments also have been identified in
boreholes within the 200-UP-1 OU, as well as in deep holes near the southern boundary of the
200 West Area. The Upper Ringold thickness map (Figure 5) has been upgraded to reflect the
known extent of the unit.

2.1.2 200 West Area Geology

Two geologic sections were constructed across the 200 West Area. The sections run northeast-
southwest (A-A') (Figure 6) and northwest-southeast (B-B') (Figure 7) in a rough "X" pattern
that crosses at well 299-WI 5-7, just north of the Plutonium Finishing Plant. Most of the wells
used in the sections were selected because they were drilled into or through the Ringold Lower
Mud Unit. Examination of the geologic sections, in addition to borehole information, resulted in
the identification of characteristics that may directly influence contaminant transport or
movement. Key aspects, consistent with past studies and conceptual models (except where
noted), can be summarized as follows:
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IRingold Formation

The Ringold Lower Mud, hydrogeologic unit 8, is persistent throughout the
200 West Area and is the base ofthe unconfined or semi-confined aquifer
(consistent with Lindsey 1991 and Hartman 1999). The revised structure contour
map of the Ringold Lower Mud within the 200 West Area is presented as
Figure 8.

Ringold Units D, B, and C of the Member of Wooded Island (hydrogeologic
units 6 and 7) have not been identified in the stratigraphic column in the 200 West
Area during drilling processes. Definitive marker beds are not distinctive or
present and, without the markers, differentiation of these beds from either the
Ringold Units A or E is difficult.

The fluvial character of the Ringold Unit E (hydrogeologic unit 5), as probable
braided stream deposits (Lindsey 1991), permits lateral migration through incised
channels. Some channels will be relatively continuous, but many channels will be
segmented due to the nature of braiding streams. This may be the reason for
variable discharge rates in proximal wells where the screens are installed at the
same horizon (i.e., in two wells 15.2 in [50 R] apart, the discharge rate in one may
be 180 L/min and in the other the rate may be as low as 60 L/min).

The variability in vertical and lateral extent of post-depositional cementation (as
iron oxides, carbonates, and/or silica) within the Ringold Unit E, combined with
unpredictable heterogeneity and drilling techniques that severely disturb the
samples, makes independent channel identification tenuous at best. When the
overbank deposits and other fines associated with the Ringold Unit E are
considered with the preceding information, it appears that preferential flow paths
may be millimeters in width and meters in length. A combination of grain size,
matrix components, presence or absence of silt or clay, plus the degree of
cementation might allow differentiation of channels or channel segments.

Locally abundant fluvial sands in the Upper Ringold (hydrogeologic unit 4) can.
be preferential pathways in the vadose zone for limited lateral transport through
the dominantly silt unit or localized perched water accumulations in isolated
lenses.

Plio-Pleistocene Unit

The carbonate unit (hydrogeologic unit 3) underlies the entire 200 West Area.
Carbonate cement is discontinuous through the unit and variable in the degree of
cementation. Where the cement is present, the unit provides a perched water
platform. The low-permeability nature of the unit also provides a mechanism for
lateral transport in the vadose zone.
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- The early Palouse soils (hydrogeologic unit 2) are dominantly silt with sand and
provide potential local perching horizons for downward migrating solutions. This
horizon may serve as a lateral transport mechanism in the vadose zone.

Hanford formation

- -Sediments of the Hanford fine-grained unit (Touchet Beds, discussed by Lindsey
1991) are of variable thickness but are dominantly sand with intercalated,
discontinuous silt/sandy silt horizons. The silt lenses can provide local beds for
perching water and platforms for lateral migration in the vadose zone.

- Clastic dikes are variously oriented, vertical to sill-like, sand- to granule-filled
fractures, found in nearly all fine-grained facies/units in the stratigraphic column
above the water table (i.e., those strata above the Ringold Unit E [hydrogeologic
unit 5]). Clastic dikes are abundant in the sand- and silt-dominated facies of the
Hanford formation (Fecht et al. 1999). These dikes have been seen in cable tool
cores and drive-barrel materials in the 200-UP-I area and can provide pathways
between, or through, the fine-grained units. However, some dikes have an
external silt or clay "skin" that may prevent or significantly retard solution
movement. The clastic dikes may be a significant influence in contaminant
movement.

2.1.3 Vadose Zone Transport

Liquid movement is dependent on the degree of cementation, the amount of fines in the
formation, initial saturation, and the characteristics of the solution pathway. A liquid entering
the strata at the surface will disperse in a relatively narrow, cone-like pattern through the gravel
and/or sand fkcies of the Hanford formation. This distribution will persist until a low-
permeability silt or sandy silt is encountered, where movement along the vertical path will be
restricted or slowed. The liquid'will then travel laterally to where the unit pinches out or
intersects a clastic dike with a sand to granule infilling, where it will again migrate vertically, or
alternately sufficient hydraulic head will build up until breakthrough and the liquid moves
through and below the fine-grained unit. At the contact with the Plio-Pleistocene unit, the liquid
will be retarded and will tend to accumulate (historically this horizon has locally produced
perched water, especially during the active discharge years when the major processing plants
were in production). At this layer, the liquid will move laterally to clastic dikes or other
fractures, or possibly to wells that have penetrated the formation and created a preferential
pathway to the underlying Ringold Formation and/or the water table, or will again build up
sufficient hydraulic head for movement through this unit.

2.2 HYDROGEOLOGY

Groundwater underlying the 200 West Area flows within a multi-aquifer system. The uppermost
aquifer beneath the 200 West Area is unconfined and lies within an unconsolidated to semi-
indurated gravel and sand sequence. The water table does fluctuate in response to barometric
pressure changes, which is more typical of confined aquifers, because of the thick overlying
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vadose zone. This phenomenon is discussed and explained in Weeks 1979. The base of the
unconfined aquifer is the Ringold Lower Mud Unit. Beneath the carbon tetrachloride disposal
sites, the unconfined aquifer is approximately 66-m thick (Auten and Reynolds 1997).
Horizontal hydraulic conductivities in the aquifer range from approximately 1.8 cm/s to
3.5 x 104 cm/s with a geometric mean of 1.5 x 104 cm/s (Connelly et al. 1992). Anisotropy
within a sedimentary unit generally ranges from 6:1 to 16:1 (ratio of radial to vertical
conductivity). The lateral and vertical variability in transmissivity is illustrated at the carbon
tetrachloride disposal site by the production rates of the six pump-and-treat extraction wells,
which range from 63 L/min-to 310 L/min for similarly completed and configured wells
(DOE-RL 1999b).

The suprabasalt confined aquifer, composed of interbedded sands and gravels, extends from the
Ringold Lower Mud Unit to the top of basalt bedrock. The basalt-confined aquifer system is
comprised of relatively higher hydraulic conductivity zones separated by lower hydraulic
conductivity basalt flow interiors.

Natural recharge from precipitation is estimated to be greater than 100 mm/yr in the carbon
tetrachloride disposal area (Payer and Walters 1995). Recharge from precipitation is higher in
the coarse-textured soils with little or no vegetation, as are found in the 200 West Area (Hartman
1999). Within the 200 West Areg, natural recharge may be further enhanced in local topographic
depressions as a result of diversion of surface water runoff. For example, natural recharge may
be enhanced at the 216-Z-IA tile field, which was originally constructed approximately 1.5 m
(5 ft) below grade. Infiltration from the surface may have been reduced in 1964, prior to
reactivation, when the tile field was covered with a sheet of 0.05-cm-thick polyethylene and may
have been enhanced in 1993 when the tile field was covered with a gravel layer. Natural
recharge may also be enhanced at the 216-Z-9 Trench, toward which the ground surface slopes
from the west and the south.

2.2.1 Historic and Current Groundwater Conditions

Prior to the initiation of waste disposal activities at the Hanford Site, general groundwater flow
appears to have been from west to east across the Site toward the Columbia River, with an
average horizontal hydraulic gradient of 0.001 (Graham et al. 1981). Wastewater discharges to
cribs, ditches, and ponds since 1943 have created local groundwater mounds in the 200 West
Area. The locations and heights of the mounds have changed as wastewater discharge locations
and rates have changed throughout the Hanford Site's operating history. The maximum water
level change was as much as 25 m above pre-Hanibrd conditions, most notably in the area of the
216-U-10 Pond (U Pond) (Newcomer 1990).

In the early years of operations, the primary groundwater mound occurred north of Z Plant (now
referred to as the Plutonium Finishing Plant) at the 216-T-4 Pond (T Pond) causing southward
net groundwater flow across 200 West Area until the late 1950s (Figure 9). From the late 1950s
through the present, the primary groundwater mound influencing flow directions has been at U
Pond and its associated ditches and cribs in the southern half of the 200 West Area. During full
operation, the U Pond complex received approximately 60% of the total volume of wastewater
released in the 200 West Area (Newcomer 1990). Discharges to U Pond were terminated in late
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1984; however, some discharges were still sent to the 216-U-14 Ditch, which formerly
discharged into U Pond.

Primary surface discharge facilities near Z Plant (carbon tetrachiorkde source area) that were
active during the 1980s and early 1990s were the 216-U-14 Ditch, the 284-WB Power Plant
ponds, the 216-Z-20 Crib, and the 216-Z-21 Pond (Figure 10). After termination of discharges to
the U Pond in 1984, mounding shifted to the north and northeast to the 216-U-14 Ditch until
1989 (Newcomer 1990). In 1995, liquid discharges to the surface soils were discontinued in
accordance with the Tri-Party Agreement M-1 7 milestone series, with wastewater being routed
to the ETF.

The presence of the mounds has affected the direction of groundwater movement by producing a
radial flow pattern from the discharge areas and increasing the rate of groundwater movement
from these areas (increased hydraulic gradients). With the cessation of liquid discharges, the
elevations of both the regional water table and the local groundwater mounds have been
declining, resulting in (1) a concomitant increase in the thickness of the vadose zone, and
(2) changes in flow directions and rates that affect the distribution of contaminants in the
groundwater and the local definitions of "upgradient" and "downgradient"(DOE-Rl 1999b).

The current regional hydraulic gradient is 0.001 rn/m with a current flow rate approximately
0.15 m/day across the site (DOE-RL 1999a). Groundwater flow rates and contaminant
movement are expected to slow as the groundwater mound subsides and the regional water table
declines. The current rate of water table decline is approximately 0.45 m/yr under the carbon
tetrachloride site and under the uranium/technetium site (DOE-RL 1999b).

In conclusion, the hydraulic flow field in the 200 West Area has changed multiple times over the
last 50 years. Many of the facilities produced local groundwater mounding, cause radial flow,
and introduced variable groundwater flow patterns. It has been previously reported that the high-
concentration area of the carbon tetrachloride plume might be situated northwest of the disposal
sites (216-Z-9) because of a dipping stratigraphic unit, other unidentified disposal sites or leaks,
and/or higher volumes of discharge to known source cribs (e.g., 216-Z-12) (Rohay 1999). While
these are reasonable and potentially valid explanations for the distribution of the carbon
tetrachloride plume, the historic complexities of changing aquifer hydraulics should be further
evaluated.

2.2.2 200 West Area Water Table

The water table has been declining in the 200 West Area since the shutdown of the 216-U-10
Pond in 1984. A more recent significant cause of water level decline resulted from the
termination of liquid discharges to the soils in 1995 (per Tri-Party Agreement M-17 milestone
series). This change was accompanied by an accelerated rate of water level decline in the
southern and central portion of the 200 West Area, including the Plutonium Finishing Plant area
and the TX-TY tank farm to the north, but may be evident in most of the 200 West Area.

Four monitoring wells at the TX-TY tank farm show this accelerated rate of decline (Figure 11).
Before 1995, the rate of water level decline was relatively steady, but the rate of decline
increased in 1995, and by 1998 the decline appeared to be asymptotically approaching the
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pre-1995 rate of decline. This change cannot be attributed to 200-ZP-1 remedial actions since
operations did not start until September 1996, almost 1 year after the start of the increased rate of
decline. This same change is apparently present at well 299-WI-I (Figure 12) in the northern
portion of the 200 West Area and is less clearly present at well 699-39-79 (Figure 13) west of the
Plutonium Finishing Plant. It appears that termination of all surface discharges in 1995
increased the overall rate of water level decline in much of the 200 West Area.

Both ERC and Pacific Northwest National Laboratory (PNNL) groundwater models have been
used to predict the future elevations of Hanford Site water levels after the effects of surface
liquid discharges have dissipated and approximate steady-state conditions are reached. The
pre-Hanford operations water table conditions are represented by the Hind6ast map for the year
1944 (Figure 14). Because of irrigation practices in the Cold Creek Valley, it is predicted that
water levels will not completely return to pre-Hanford conditions, most notably in the areas
extending from 200 West Area upgradient to the Cold Creek area (Cole et al. 1997). Newcomer
(1990) reports that two water users are irrigating crops at a total rate of 20,062 L/min
(5,300 gal/min). Because this water originates in the basalt aquifer and is discharged to
unconfined aquifer, this water represents a source of artificially generated "recharge." Figure 14
compares the Hindcast map to the predicted water table in the year 2350 and shows the overall
higher hydraulic heads in the western part of the Hanford Site. Long-term placement and design
of monitoring wells will need to account for these continuing changes in the water table.

Numerous shallow groundwater monitoring wells are projected to go dry as the water table in
200 West Area continues to decline. Several reports have been issued that have analyzed the
impacts of water declines on monitoring wells, including Webber and McDonald (1994),
Wurstner and Freshley (1994), and more recently DOE-RL (1996b). Five wells are reported as
supporting multiple programs (DOE-RL 1999a). Additional monitoring wells should be installed
if the ability to track contaminant plumes is affected by well loss due to declining water levels.

2.2.3 Vertical Hydraulic Gradients

Because of residual U Pond mounding and later mounding from other surface discharge facilities
(e.g., the 216-U-14 Ditch and the 284-WB Power Plant ponds), hydraulic head has historically
decreased with depth in the southern and central portion of the 200 West Area. Vertical
groundwater gradients are downward from the unconfined to the confined system, with hydraulic
head differences across the Ringold Lower Mud Unit becoming more pronounced into the basalt
aquifer systems (Spane and Webber 1995). Some wells extending below this confining unit may
have permitted the movement of contamination between the unconfined and confined aquifers
because of open well perforations above and below the Ringold Lower Mud Unit (e.g., Auten
and Reynolds 1997). As water levels in the 200 West Area continue to decline, the magnitude of
the downward hydraulic gradient will decrease with less possibility that dissolved contaminants
will be driven deeper into the aquifer.

2.24 Influence of Pump-and-Treat Operations on Groundwater Flow Directions

The current groundwater flow directions underlying the carbon tetrachloride disposal sites are
strongly influenced by the 200-ZP-I groundwater pump-and-treat system, which has been
operating at full-scale since 1996. This system consists of six extraction wells to the east and
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three injection wells to the west of the Plutonium Finishing Plant (Figure 10), operating at a
treatment rate of about 760 L/min. A recirculation cell will eventually be established between
the extraction and injection wells (DOE-RL 1999b). In the area of the Low-Level Burial
Grounds waste management unit 4, the groundwater flow has changed from a radial flow pattern
prior to 200-ZP-1 operations to groundwater now moving in the opposite direction beneath the
facility from west to east (Figure 9). This change has affected the monitoring network for the
facility, reversing the upgradient and downgradient wells (DOE-RL 1999b).

Operation of the 200-ZP-1 pump-and-treat system has decreased the downward hydraulic
gradient in the area of the extraction wells (mitigating downward movement of dissolved
contaminants) by removing the groundwater mound in the unconfined aquifer. The
mound-generating downward gradient has also been decreasing as water levels re-equilibrate in
the unconfined aquifer. The decrease in gradient is shown in Figure 15 for wells 299-WIS-16
and 299-W5-17, which is 55 ft apart. Note that the water levels are approaching each other in
elevation. Well 299-W15-17 is completed at the bottom of the unconfined aquifer and well
299-WI 5-16 is screened at the top of the unconfined aquifer. In contrast, injection of treated
water has increased the downward hydraulic gradient in the area of the injection wells.

At the 200-UP-I site, the effects of pumping are localized in the vicinity of the extraction well
(170 L/min). Because groundwater is transported to the ETF and the injection well is no longer
used, there are no mounding effects that would contribute to a downward hydraulic gradient
(DOE-RL 1999b). In the area of the pumping well, however, an upward hydraulic gradient is
generated because of the pumping from partially penetrating well screen. There are no known
impacts on other groundwater monitoring facilities from 200-UP-1 operations.

3.0 CONTAMINANT DISTRIBUTION

Two OUs, as defined under CERCLA, have been established to address groundwater
contamination beneath the 200 West Area. The 200-ZP-1 OU, which contains the carbon
tetrachloride groundwater plume, is located primarily in the northern half of the 200 West Area.
The 200-UP-1 OU, which contains the technetium-99 and uranium plumes, is located irkthe
southern half of the 200 West Area.

Numerous OUs have also been established to address the source areas in the vadose zone
beneath the 200 West Area. The 200-ZP-2 OU, which contains the carbon tetrachloride vadose
zone plume, is located in the central portion of the 200 West Area.

3.1 CARBON TETRACHLORIDE (200-ZP-1 AND 200-ZP-2 OPERABLE UNITS)

Carbon tetrachloride contamination at the 200-ZP- I and 200-ZP-2 OUs resulted from liquid
waste disposal to the ground from the Plutonium Finishing Plant complex. Widespread
contaminant plumes are present in the vadose zone and in the groundwater. The high
concentrations of carbon tetrachloride dissolved in the groundwater and the large areal extent of
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the plume (covering most of the 200 West Area) make remediation of the groundwater plume a
priority at the Hanford Site.

3.1.1 Carbon Tetrachloride Source Characteristics

The primary known sources of carbon tetrachloride contamination in the 200 West Area are the
subsurface infiltration facilities used for soil column disposal of aqueous and organic liquid
wastes associated with plutonium recovery operations within the Plutonium Finishing Plant
complex. Between 1955 and 1973, a total of 363,000 to 580,000 L (577,000 to 922,000 kg) of
liquid carbon tetrachloride (in mixtures with other otganic and aqueous actinide-bearing liquids)
are estimated to have been discharged to the soil column at three subsurface disposal facilities
near the Plutonium Finishing Plant: the 216-Z-9 Trench, the 216-Z-IA tile field, and the
216-Z-1S Crib (Figure 10).

The organic solutions consisted of 50% to 85% by volume carbon tetrachloride mixed with either
tributyl phosphate (TBP), dibutyl butyl phosphonate (DBBP), or lard oil (Rohay and Johnson
1991). The solvent that was discharged to the soil column also contained dibutyl phosphate
(DBP), which is a degradation product of TBP. The organic solutions were periodically
discharged to the predominantly water-wetted soil column in small (100- to 200-L) batches.

These organic solutions were approximately 4% to 8% of the total volume of liquid'waste
discharged to the disposal facilities. From 1955 to 1973, approximately 13.2 x 10' L of aqueous
wastewater were discharged to three primary disposal sites. The aqueous waste stream consisted
of acidic, high-salt (sodium nitrate) wastewater containing these organic solutions in saturated
amounts (<1%). Thus, carbon tetrachloride was introduced to the vadose zone as an aqueous
phase and also as a dense nonaqueous-phase liquid (DNAPL) (Rohay 1999).

Three other sites in the vicinity of Z Plant also received carbon tetrachloride wastes: 216-Z-12
Crib, 216-Z-19 Ditch, and 216-T-19 tile field (Figure 10). The 216-Z-12 Crib received Z Plant
analytical and development laboratory waste from 1959 to 1973 and is estimated to have
received a small volume of organics, which included carbon tetrachloride (Kasper 1982). The
216-Z-19 Ditch was used to convey Z Plant process cooling water and steam condensate from
1971 to 1981. Apparently, carbon tetrachloride was also occasionally and/or accidentally
released to this ditch (e.g., as a result of steam and/or cooling water coil leeks) because heavy
organics were noted in the outfall (Rohay and Johnson 1991). Between 1973 and 1976,~aqueous
waste saturated with carbon tetrachloridc was sent to the 242-T Evaporator. During this time
frame, the 216-T-19 tile field received approximately 880 L (1,400 kg) of carbon tetrachloride in
the overhead condensate discharged from this evaporator (Rohay et al. 1993).

3.1.2 Carbon Tetrachloride Mass Distribution

Approximately 750,000 kg of carbon tetrachloride (the average of the estimated range for the
original total inventory) was discharged to the three primary disposal sites. Concentrations of
carbon tetrachloride measured in groundwater and soil vapor in 1990, prior to remediation, were
used with equilibrium partitioning relationships to account for approximately 35% of the total
carbon tetrachloride inventory discharged to the soil column (WHC 1993) (Table 2). However,
these relationships do not account for the non-equilibrium partitioning of carbon tetrachloride
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within soil particles (the apparent "irreversible" adsorption) (Yonge et al. 1996). In 1990, the
remaining 65% of the original inventory was believed to be in residual saturation and non-
equilibrium sorption sites within the vadose zone and groundwater.

Based on the equilibrium partitioning relationships and the 1990 soil vapor data, 12% of the
original inventory was estimated to be in the vadose zone: 4% in soil vapor, 2% in soil moisture,
and 6% sorbed to solids (WHC 1993).

Evaporation and barometric pumping of carbon tetrachloride are estimated to have removed 21%
of the original carbon tetrachloride inventory from the vadose zone between 1955 and 1990
(WHC 1993).

Based on the carbon tetrachloride plume map, the mass of carbon tetrachloride in the upper 10 m
of the unconfined aquifer in 1990 was estimated to be 5,250 to 15,740 kg, accounting for 1% to
2% of the original inventory, depending on the value of porosity assumed (Rohay and Johnson
1991) (Table 3). A soil partitioning distribution coefficient (K) of 0.2 mL/g would result in an
additional 2% to 8% of the carbon tetrachloride inventory sorbed to aquifer'solids (Rohay et
al. 1994).

Based on the mass of the carbon source (lard oil and butyl phosphates) and nitrate (electron
acceptor) co-disposed with the carbon tetrachloride, Hooker et al. (1996) estimated that 1% of
the carbon tetrachloride could have been transformed to chloroform by microbial dechlorination
during initial discharge stages (Hooker et al. 1996). The chloroform levels observed in the
vadose zone and aquifer correspond to a reductive dechlorination of 1% of the carbon
tetrachloride. Biodegradation is probably no longer occurring within the vadose zone and
groundwater because the naturally occurring total organic carbon in the soil is insufficient to fuel
the process. The occurrence of any geochemical degradation of carbon tetrachloride has not
been evaluated.

Approximately 78,000 kg of carbon tetrachloride have been removed from the subsurface
(vadose zone and groundwater) since remediation of the site began in 1992. Between
February 1992 and September 1992, SVE removed approximately 76,000 kg of carbon
tetrachloride from the vadose zone (Rohay 1999). The mass removed is 84% of the mass
initially estimated, based on equilibrium partitioning, to be contained within the vadose zone in
vapor, dissolved, and adsorbed phases (Table 2). Concentrations in extracted soil vapor have
declined significantly since 1992. However, concentration rebound during nonoperation of the
SVE system indicates that carbon tetrachloride remains in the vadose zone.

The groundwater pump-and-treat system was constructed to contain carbon tetrachloride within
the 2,000 pg/L contour (DOE-RL 1999b). Between August 1994 and December 1998, the
punp-and-treat system removed approximately 2,100 kg from the unconfined aquifer (DOE-RL
1999b). The mass removed is 33% to 99% of the mass initially estimated to be contained within
the 2,000-pg/L contour (Table 3). The persistence of the carbon tetrachloride concentrations
implies that the initial mass calculation was incorrect (e.g., because of greater depth distribution),
and/or Kd is greater than assumed, and/or the presence of a continuing source of carbon
tetrachloride (residual or DNAPL) (Rohay 1999).
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3.1.3 Carbon Tetrachloride Groundwater Plume Changes

The plume of dissolved carbon tetrachloride extends over II km2 in the unconfined aquifer
underlying the 200 West Area (Hartman 1999) (Figure 16). The zone of highest concentrations
(4,000 to 8,000 pg/L) includes the 216-Z-9 Trench area, suggesting that the formerly discharged
carbon tetrachloride may be providing a continuous source of contamination from the vadose
zone to the groundwater. Based on dissolved phase concentrations in the upper 10 m of the
unconfined aquifer in 1990 prior to remediation, nearly 60% of the groundwater mass of carbon
tetrachloride was contained within about 10% of the area of the plume (Rohay and Johnson
1991) (Table 3). Carbon tetrachloride detections at depths greater than 10 m below the water
table are discussed in Section 3.1.4.

Although the centroid of the plume has not migrated significantly under natural driving forces,
the perimeter of the plume appears to be migrating southward based on increasing concentrations
at well 299-W23-10 (Hartman 1999). A comparison of the 200 West Area carbon tetrachloride
1996 baseline plume map (Figure 16) with the 1999 plume map (DO-RL 1999b) (Figure 17)
also shows a diminution ofthe 1,000-pg/L contour in the northern part of the 200 West Area.
The one exception in this area occurs at well 299-WI 0-20, which has consistently maintained
concentrations above 1,000 pg/L (although in 1996 carbon tetrachloride dropped below
1,000 pg/L). Well 299-W10-20 is located far enough to the northwest of the Plutonium
Finishing Plant plume that the question of another carbon tetrachloride source should be
considered in the northern part of the 200 West Area. The shape of the baseline plume in this
area (west to east) also implies that carbon tetrachloride originated from another or multiple
sources (not necessarily from the Plutonium Finishing Plant area to the south). A more thorough
evaluation of historical changes in the hydraulic flow field for the unconfined aquifer would help
to determine the likelihood of a northern source.

Dissolved concentrations measured in well 699-39-79 at the western perimeter of the plume
increased by an order of magnitude between March 1987 and August 1988, suggesting the
arrival of the plume at that time (Dresel et al. 1993). Concentrations at well 699-39-79 have
been impacted by injecting treated water at the nearby pump-and-treat injection wells
(Figure 18), and the concentrations have fallen below detection limits. Other monitoring wells in
the area can expect decreasing concentrations, particularly wells that support monitoring at the
Low-Level Burial Grounds.

During the last 5 years, an increase and then decrease in carbon tetrachloride concentrations was
observed in well 299-WI8-21 in the southwestern part of the 200 West Arms. Initial
concentrations in this well were 200 pg/L in mid-1992. Carbon tetrachloride concentrations
peaked at 1,800 pg/L in early 1995 and then decreased to about 200 pg/L by mid-1999
(Figure 19). It can be observed that carbon tetrachloride concentrations began declining in this
well after liquid discharges to the soil were terminated in 1995 (per Tri-Party Agreement
milestones). It is, thus, hypothesized that water table mounding to the northeast produced by the
216-Z-20 Trench, the 284-WB Power Plant ponds, and/or the 21 6-U-14 Ditch drove
cbntaminated groundwater to the southwest, toward well 299-WI8-21. Groundwater would have
passed through the high-concentration area of the carbon tetrachloride plume (Figure 16). After
soil discharges stopped in the 1995, groundwater flow direction reverted to a west-to-east
direction. Cleaner groundwater entering from the west began diluting and pushing carbon
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tetrachloride away from well 299-WIS-21. Carbon tetrachloride concentrations have decreased
since that time.

It has been suggested that groundwater contamination in the southwest portion of the 200 West
Area aquifer may also be the result of vapor transport from the source cribs or from vapor
cycling (i.e., carbon tetrachloride volatilizing from contaminated groundwater, diffusing through
the vadose zone, and then contaminating clean groundwater) (Rohay 1999). The increased
concentrations at well 299-WI 8-21 do not fit this scenario according to the hypothesis stated
above because of the shallow carbon tetrachloride penetration expected through vapor exchange
(only I to 2 m below the water table) and the relatively high groundwater concentrations
(1,800 pg/L).

The phenomenon of vapor cycling is still possible in areas characterized by low groundwater
concentrations. Vapor sampling of the vadose zone in areas where plume concentrations are
now at the MCL and concordant sampling of groundwater at depths of 5 m or more below the
water table would help to substantiate and possibly quantify this process. In some areas (e.g.,
well 299-WI8-21) it is more likely that carbon tetrachloride is volatilizing to the vadose zone
rather than from the vadose zone to the groundwater. It is recommended that moderate effort be
expended to quantify this process.

It appears that the hydraulic flow field was conducive to movement of carbon tetrachloride to the
southwest from the time that U Pond discharges ceased in 1984 to the termination of discharges
to the 284-WB Power Plant ponds in 1995. This conclusion is based on the presence of the
carbon tetrachloride slug in well 299-WIS-21.

Concentrations of carbon tetrachloride in the central portion of the carbon tetrachloride plume
continue to increase at the 200-ZP-1 extraction wells and in monitoring wells along the path
from the central portion ofthe plume to the extraction wells. For example, at intermediate
monitoring well 299-WI5-31A (located west of 231-Z; Figure 10), increasingly higher
concentrations of the dissolved plume are moving past this well toward the extraction wells (e.g.,
wells 299-WlS-33 and 299-WI5-34) (Figure 20). At some future opportune time; it would be
useful to shut down pumping operations to me if groundwater concentration rebound. If rebound
occurred (an increase in carbon tetrachloride concentrations), the presence of residual DNAPL in
the aquifer would be implied. The ideal location fbr such a test would be at extraction well
299-W15-32 where concentrations have been decreasing (DOE-RL 1999b). Well 299-W15-32 is
located near the 216-Z-9 Trench (the primary disposal site for carbon tetrachloride) and is the
location where DNAPL would be expected.

In monitoring wells closet to the injection wells, concentrations are decreasing, as observed in
well 699-39-79. As predicted by performance modeling (DOB-RL 1999a), a recirculation cell
will eventually be established between the extraction wells and the injection wells, which will
continue to lower concentrations in the monitoring wells between the extraction and injection
wells.

Pump-and-treat extraction and injection operations have affected the distribution and
concentrations of carbon tetrachloride in the centroid portion of the plume. The >4,000-pg/L
contour interval has expanded in size and now extends more northerly and easterly to near the
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extraction wells, although it may be slightly reduced in the southwest (Figure 21). Injection of
treated groundwater at the upgradient location is beginning to dilute the carbon tetrachloride
plume in this area. The increase in size of the 4,000-ig/L contour and the concomitant steady or
increasing concentrations in the interior wells may imply more than just aqueous-phase
movement (dissolved carbon tetrachloride) toward the extraction wells (e.g., the presence of
DNAPL, residual carbon tetrachloride, or a higher partitioning coefficient than previously
estimated). Approximately 2,100 kg of carbon tetrachloride have already been removed, and no
apparent reduction has been noted in concentrations in the high-concentration area. Therefore,
the mass of carbon tetrachloride within the treatment area may be greater or may be distributed
differently than what was assumed prior to beginning pump-and-treat remediation.

3.1.4 Deep Carbon Tetrachloride Distribution

Dissolved carbon tetrachloride has been observed deep (>10 m below the water table) within the
unconfined aquifer and within the uppermost confined aquifer in the 200 West Area. Although
the number of wells screened (or perforated) deep within the aquifer is limited, deep sampling
has also been conducted during drilling of wells that were later completed at the water table and
during well abandonment. Vertical contaminant profiling has also been conducted in older wells
with long perforated intervals by usinga packer to isolate discrete intervals or by using a depth-
discrete sampling device (e.g, KABIS bailer). Carbon tetrachloride groundwater concentrations
for samples collected deeper than 10 m below the water tables are compiled in Appendix A. The
data were collected from a variety of well configurations using different sampling and analytical
methods during the last 12 years.

Vertical carbon tetrachloride profiles (based on data collected from at least two depths and
extending deeper than 10 m below the water table in a single well) are available for 12 wells
within the 200 West Area. Most of these wells are located within the high-concentration portion
(>1,000 pg/L) of the carbon tetrachloride water table plume (Figure 22). Carbon tetrachloride
concentrations have been observed to decrease with depth (e.g., well 299-WI5-5), increase with
depth and then decrease (e.g., well 299-WIO-24), or remain relatively constant with depth (e.g.,
well 299-W15-7).

Two zones within the unconfined aquifer were selected to show the lateral distribution of deep
carbon tetrachloride concentrations. Carbon tetrachloride concentrations detected in samples
collected in the middle of the unconfined aquifer (between approximately 15 and 40 m below the
water table) are plotted in Figure 23, and concentrations detected in samples collected at the
bottom of the unconfined aquifer are plotted in Figure 24. Both of these figures include the
carbon tetrachloride water table plume for reference. Groundwater concentrations in samples
collected from wells with long perforated intervals (e.g.,>15 m) were not included on these
lateral distribution maps.

In both the middle and bottom of the unconfined aquifer, the highest concentrations primarily
underlie the high-concentration area of the water table plume. Nine of the 15 mid-depth samples
were collected below the area encompassed by this high-concentration zone, so this correlation is
probably related to the sampling distribution. However, only five of the 12 bottom samples were

- KABIS is a trademark of SIBAK Industries Limited Inc., Solana Beach, CalifoMiL
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collected below the area of the high-concentration zone, making this correlation more striking for
the bottom of the unconfined aquifer.

At two locations near the periphery of the water table plume, carbon tetrachloride has been
detected at higher concentrations at depth than in the overlying water table samples:
well 699-48-77C (north of the 200 West Area) and well 299-W27-2 (south of the 200 West
Area) (Hartman 1999). Initial concentrations detected 21 m below the water table in well
699-48-77C have been decreasing (from a high of 8 pg/L in March 1998), presumably in
response to the treated water disposal at the adjacent SALDS crib. Effluent disposed to the soils
at this site have produced a 2-m-high groundwater mound. In contrast, concentrations detected
in nearby well 699-48-70D, screened across the water table, have not excetded the MCL of
5 pg/L. Carbon tetrachloride has been detected in well 299-W27-2, screened just above a clay
layer 55 m below the water table, at concentrations near the MCL. Carbon tetrachloride has not
beer( detected at the water table in this vicinity. Because there are few wells screened in deeper
parts of the unconfined aquifer, these data suggest that the horizontal extent of deep carbon
tetrachloride at levels greater than the MCL may be considerably greater than previously
reported (Hartman 1999).

Concentrations have been increasing in deep well 299-W15-17 from below the MCL of 5 pg/L
to above the MCL (Figure 25). This well is screened approximately 60 m below the water table
west of the Plutonium Finishing Plant. The compamion water table well, 299-W15-16, has had
elevated carbon tetrachloride concentrations (>1,000 gg/L) since sampling was initiated in 1988
and has also had the highest concentrations detected in any well in the 200 West Area
groundwater. However, concentrations in the deep well have only increased above the MCL
(5 pg/L) since 1998; the maximum concentration observed was 12 pg/L in January 1998.

Dissolved carbon tetrachloride has also been observed at concentrations exceeding the MCL
within the confined aquifer system (i.e., in the Ringold Unit A gravels below the base of the
unconfined aquifer). Concentrations ranging from 15 to 590 pg/L have been detected at a well
south of the 216-Z-9 site (well 299-W15-5) (Auten and Reynolds 1997), at two wells near the
T-TX-TY tank farms (wells 299-WI0-24 and 299-W14-14) (Hartman 1999), and at a well near
U Plant (well 299-W19-34B) (Ford 1995) (Figure 26). In the case of well 299-W15-5, it is likely
that the well provided the preferential downward pathway prior to abandonment because it was
perforated across the confining layer (i.e., the Ringold Lower Mud) for about 40 years, and the
hydraulic gradient was known to be downward from the unconfined to the confined system
during this time.

Numerical modeling of carbon tetrachloride flow and transport In the vadose zone indicates that
the depth of penetration of carbon tetrachloride (dissolved and nonaqueous phases) into the
aquifer depends upon the residual saturation in the vadose zone, which affects the flux to the
aquifer, and the groundwater flow rate, which affects the lateral to vertical flux within the aquifer
(Piepho 1996). For the higher value of residual saturation (0.01) used in the modeling, dissolved
carbon tetrachloride reached approximately 20 rn below the water table and nonaqueous-phase
carbon tetrachloride reached approximately 10 m below the water table. For the lower value of
residual saturation (0.0001) used in the modeling, dissolved carbon tetrachloride reached
approximately 50 m below the water table, and nonaqueous-phase carbon tetrachloride reached
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approximately 25 m below the water table. (Note: The nonaqueous phase case for a residual
saturation of 0.0001 was not shown in Piepho 1996; the 25-m depth was estimated by analogy to
higher residual saturation case.) Additional driving forces not included in the model may have
been provided by downward hydraulic gradients created by wastewater discharges and local
groundwater mounding. The rise and subsequent decline of the water table under the 200 West
Area as a result of groundwater mounding may also have driven shallow contamination deeper.

The deep distribution of carbon tetrachloride is inconsistent with a vapor source of groundwater
contamination. If carbon tetrachloride vapor were the source of the groundwater contamination,
only a thin (1- to 2-m depth) dissolved plume would be expected at the water table. Therefore,
the presence of deep carbon tetrachloride concentrations implies that either DNAPL sank
through the aquifer and is slowly dissolving or that elevated dissolved concentrations were
driven downward by the groundwater hydraulic forces. As has been noted for the water table
plume, the presence of the deep plume in the vicinity of the known disposal sites over 25 years
after disposal ceased suggests a continuing source such as DNAPL.

The ratio of carbon tetrachloride to chloroform in the deep carbon tetrachloride samples
generally varies from I to 200 (Appendix A). Wells that are completed at the bottom of the
aquifer (e.g., wells 299-WIO-14, 299-WI5-17, 299-WI8-22, 299-W6-3, 299-W6-6, and
299-W7-3) have relatively low ratios that vary from I to 10. Wells that are profiled at multiple
depths or perforated over significant thicknesses of the aquifer have highly variable ratios, and
the cause of this variability is unknown. If all of the chloroform is present as a result of
degradation of carbon tetrachloride, the ratio might indicate the source (or the age) of the
contamination. If (as estimated by Hooker et al. 1996) 1% of the carbon tetrachloride degraded
to chloroform and if the two dissolved contaminants migrated together, the carbon tetrachloride
to chloroform ratio should be approximately 100. Hooker et al. (1996) believe that any
microbial degradation occurred only during the early stages of carbon tetrachloride disposal,
when a carbon source was available to fuel the process. Thus, low ratios of carbon tetrachloride
to chloroform may indicate older sources of carbon tetrachloride when degradation rates might
have been higher. Additional sources of chloroform (e.g., from chlorinated water) or anaerobic
zones in the aquifer that promote continued degradation could also result in low carbon
tetrachloride to chloroform ratios. On the other hand, high ratios may indicate the addition of
"new" carbon tetrachloride that might be attributed to a continuing source of contaminant or the
continued degradation of chloroform, which can occur aerobically.

3.1.5 Co-Contaminants

The 1939 essential material specification for carbon tetrachloride states that the carbon
tetrachloride must be 99% pure (Rohay 1999). Based on the process used to manufacture carbon
tetrachloride, it is believed that the carbon tetrachloride used in Z Plant operations was relatively
pure. The other 1% would typically be long-chain alcohols used by industry as additives to
prevent light degradation of the product.

However, carbon tetrachloride was not used as a pure-phase liquid, but was instead used as a
mixture with other organics (e.g., TBP, DBBP, and lard oil). Three representative volumetric
mixtures used were 85:15 carbon tetrachloride:TBP; 50:50 carbon tetrachloride:DBBP; and
75:25 carbon tetrachloride:lard oil (which degraded to a 50:50 mixture prior to soil column
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disposal). The organic composites (even the carbon tetrachloride:lard oil mixture) were found to
be denser and more viscous than water (Last and Rohay 1993). Vapor pressure of the carbon
tetrachloride:DBBP and carbon tetrachloride:lard oil mixtures is only half that of the pure carbon
tetrachioride and the carbon tetrachloride:TBP mixture. The interfacial tension between the
50:50 carbon tetrachloride:lard oil mixture and a 5 M sodium nitrate solution was found to be
low, suggesting that the fluids ray be somewhat miscible, allowing them to mix and behave
more as an aqueous fluid (Last and Rohay 1993).

An 35:15 carbon tetrachloride:TBP mixture was used to make up the organic solution used in the
plutonium recovery process. However, with exposure to ionizing radiation and nitric acid, the
TBP within the solvent would gradually degrade to DBP. The DBP has a much greater affinity
for plutonium than TBP and would not work in the process because of its poor stripping
properties. It was the degraded solvent that was discharged to the soil column.

The major organic co-contaminants TBP, DBP, and DBBP associated with the carbon
tetrachloride solvent waste streams were not analyzed in groundwater samples collected during'
the 1991 characterization activities. However, existing data for TBP and DBP acquired for other
programs between 1987 and 1990 are available. Results for samples from several wells in the
vicinity of the Z cribs, as well as from wells within the core of the carbon tetrachloride plume,
were all below detection limits for TBP and DBP. The DBBP has not been previously analyzed.
The apparent absence of TBP and DBP in 200 West Area groundwater is attributed to
biodegradation of these organic constituents and/or to sorption because they have a moderate
affinity for sediments (Ames and Seme 1991, Rohay and Johnson 1991). Soil and groundwater
samples collected during drilling in 1992 were analyzed for TBP. The TBP was detected in only
one sample from the vadose zone (in well 299-W15-217, at a depth of 24.6 m), and the result
was below the limit of quantitation (Rohay at al. 1994); analyses for DBP and DBBP were not
conducted. The lack of TBP in vadose soils suggests that TBP degrades relatively quickly. The
lack of TBP detected in groundwater could also indicate that carbon tetrachloride was a
relatively pure phase when it reached the groundwater. However, the differential partitioning
and biodegradation of the components of these organic mixtures in Hanford Site sediments have
not been determined.

Based on the mass of the carbon source (i.e., lard oil and butyl phosphates) and nitrate (electron
acceptor) co-disposed with the carbon tetrachloride, Hooker et al. (1996) estimated that 1% of
the carbon tetrachloride could have been transformed to chloroform by microbial dechlorination
during initial disharge stages (Hooker at al. 1996). The chloroform levels observed in the
vadose zone and aquifer correspond to a reductive dechlorination of 1% of the carbon
tetrachloride. Biodegradation is probably no longer occurring within the vadose zone and
groundwater because the naturally occurring total organic carbon in the soil is insufficient to fuel
the process.

The high-concentration zones of the chloroform plume arm approximately coincident with the
high-concentration zones of the carbon tetrachloride plume. However, the chloroform plume is
less extensive than the carbon tetrachloride plume.
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Vadose zone sampling of soil and soil vapor In the source area has also detected methylene
chloride, chloroform, TCE, tetrachloroethylene (PCE), trans-1,2-DCE, 1,1-DCA, 1,2-DCA, cis-
1,2-DCE, 1,1,1-TCA, benzenes, xylenes, and toluene (Rohay et al. 1994).

Groundwater sampling within and beyond the source area has also detected chloroform,
methylene chloride, TCE, and PCE (Rohay et al. 1994, DOE-RL 1999b).

Tetrachloroethylene and tetrabromoethane were used at different times in combination with
carbon tetrachloride as a diluent for TBP or for cleaning agents (Smith 1973), with respect to the
wastes discharged to the 216-Z-9 Trench.

Nitrate in the aqueous wastes discharged to the carbon tetrachloride source cribs has also
produced an extensive groundwater plume. Because nitrate and carbon tetrachloride were co-
contaminants in the aqueous-phase discharges, comparison of the distribution of the two
groundwater plumes may help in understanding the major factors affecting plume movement.
For example, although the Kd for carbon tetrachloride is not well known, the K4 for nitrate is
known to be zero (i.e., nitrate is not retarded in groundwater). The maximum extent of the
carbon tetrachloride (defined by the 5-pg/L contour) and nitrate (defined by the 20-mg/L
contour) plumes is similar to the north and northeast of the Plutonium Finishing Plant area,
suggesting that carbon tetrachloride has behaved as a nonretarded contaminant in groundwater.
However, the carbon tetrachloride plume extends farther to the west (upgradient) than the nitrate
plume, suggesting that the groundwater contamination in this area was controlled by a
mechanism other than the hydraulic flow field. The absence of nitrate and presence of carbon
tetrachloride to the southwest of the former U Pond site suggests that the carbon tetrachloride
lobe is not a result of southerly flow during the initial period of discharge.

Low plutonium-239/240 and americium-241 activities (<10 pCi/L) were detected in
well 299-W15-8 adjacent to the 216-Z-9 Trench on two sampling dates (May 7, 1990, and
November 13, 1991). The well went dry sometime after January 1992 and can no longer be
sampled (Hartman 1999). The plutonium and americium contamination observed in
groundwater at the 216-Z-9 site in well 299-W15-8 may signify soil column breakthrough or a
preferential pathway in the well. Follow-up sampling of groundwater extracted by the pump-
and-treat system at 216-Z-9 did not detect mobile species indicative of transuranic (Hartman
1999). Extraction well 299-W15-32, located next to the 216-Z-9 Trench, has been sampled for
plutonium isotopes for the last several years and for neptunium-237 and americium-241 in
FY 1998, without detecting any plutonium, neptunium, or americium. However, because this
well draws water from a large area, the samples may not be representative of contaminant
activities directly under the trench (Hartman 1999).

3.1.6 Technetium-99 in Groundwater Extracted by 200-ZP-1 Pump-and-Treat
Operations

Technetium-99 has recently been detected in groundwater removed by the 200-ZP-1 extraction
wells. The generally presumed source of technetium-99 is from the tank farms to the north.
Samples collected on January 27, 1999, and April 17, 1999, contained technetium-99 levels that
ranged from 20 to 286 pCi/L at the extraction wells (all concentrations are below the MCL of
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900 pCi/L). The sample locations (Figure 10) and the concentrations
follows:

0 Well 299-Wl 5-33 (extraction well 1)

a Well 299-WI5-34 (extraction well 2)

* Well 299-WI 5-35 (extraction well 3)

0 Well 299-WI 5-32 (extraction well 4)

* Well 299-WI 5-36 (extraction well 5)

* Well 299-WI5.37 (extraction well 6)

* Influent tank (T-01)

* Water knock-out tank

* System filters

47 pCi/L

73 pCi/L

200/196 pCi/L

286 pCi/L

43 pCi/L

20 pCi/L

100 pCi/L

Nondetect.

Nondetect.

of technetium-99 are as

January 27, 1999

January 27, 1999

January 27, 1999/
April 17, 1999

Jahuary 27, 1999

January 27, 1999

January 27, 1999

April 17, 1999

April 17, 1999

Although a high technetium-99 concentration was observed in the closest extraction well to the
TX-TY tank farm (i.e., well 299-WI 535), the highest concentration was measured at well
299-WI 5-32, which is located near the 216-Z-9 Trench. To reach well 299-WI 5-32,
contamination from the tank farms would have had to flow past extraction well 299-WI5-35.
Movement in this direction does not seem likely because well 299-WI 5-35 is a hydraulic sink
between the tank farms and well 299-W15-32. Since technetium-99 has not been detected in
monitoring wells west of the extraction wells, it is tentatively concluded that technetium must be
present southeast of the tank farms (i.e., east or southeast from well 299-WI5-32) or west of well
299-W15-32 near the 216-Z-9 Trench.

The 216-Z-9 Trench area west of well 299-WI 5-32 also represents a potential source of
technetium because of well 299-WI5-8. Technetium was detected in this well at 410 pCi/L in
1992 (prior to going dry). However, other wells in this area have either shown no technetium
(well 299-W18-7) or have exhibited low concentrations (<5 pCi/L at well 299-WI 5-6 from 1994
through 1995). Given this information, an eastern source still seems more probable.

The location or definition of a technetium plume east of well 299-WI 5-32 cannot be evaluated at
this time because there are no unconfined aquifer monitoring wells in this area that could be
sampled. The only available eastern well is 299-W14-09, which is completely below the
Ringold Lower Mud Unit (i.e., in the confined aquifer). As far as is known, this well has never
been sampled for technetium. Given that carbon tetrachloride concentrations are 40 to 50 pg/L
at this well and the levels were as high as 500 pg/L at one time, it is possible that technetium-99
may also be present at depth. Plans are currently underway to sample this well for technetium
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and then reconfigure it to provide a monitoring point in the unconfined aquifer. Because of other
possible radionuclide contamination in this area, other radionuclide samples will also be
collected (e.g., iodine and tritium).

3.2 TECHNETIUM-99 AND URANIUM (200-UP-1 OPERABLE UNIT)

3.2.1 Technetium-99 and Uranium Source Characteristics

The Uranium Tri-Oxide (UO,) Plant discharged considerable volumes of liquid containing
uranium and technetium-99 into five cribs located in the vicinity of the plant: the 216-U-1,
216-U-2, 216-U-8, 216-U-12, and 216-U-16 Cribs. Although each crib had the potential to
impact groundwater, only the 216-U-1, 216-U-2, and 216-U-12 Cribs have been clearly
identified as sources of the uranium and technetium-99 plumes found in this area. Based on
estimates developed in 1994 prior to remediation using the pump-and-treat system, the uranium
plume covered 0.46 km2, contained an estimated 130 kg (0.2 Ci) of dissolved uranium, and was
moving to the east at approximately 24 m/yr (BHI 1996b). Substantial quantities of uranium in a
solid phase are found on the soil matrix within and under the cribs. Technetium-99 accompanied
the discharge of uranium and, as estimated in 1994, the plume covered 0.75 km2, contained
0.16 kg (2.8 Ci) of technetium-99, and was spreading to the east at approximately 37 m/yr.

The major groundwater contaminant plumes in this area developed as a result of the following
series of events. Process wastewater from the U03 Plant consisting primarily of dilute nitric acid
containing uranium, technetiuin-99, and other fission products was discharged to the soil column
via two cribs (216-U-1 and 216-U-2) between 1952 and 1967. Over 70 soil column volumes of
wastewater were discharged, thus easily transporting mobile constituents, particularly
technetium-99, to the water table. However, most of the 4,000 kg of uranium discharged to the
216-U-I and 216-U-2 Cribs was retained in the upper 20 m of the soil column. Subsequently
(circa 1966 through 1967), smaller volumes of highly acidic decontamination wastes were
discharged to the cribs. The discharge of acid resulted in the dissolution of the uranium held in
the vadose zone. Only low concentrations of uranium were seen in the groundwater near the
216-U-I and 216-U-2 Cribs during this period (BHI 1996b).

The mobile uranium fraction in the 216-U-I and 216-U-2 Cribs or soil column was later
transported to groundwater after large volumes of cooling water were discharged in 1984 to the
216-U-16 Crib, located less than 60 m away. Water from the adjacent crib spread laterally as a
perched water layer. This perched water source reached the 216-U-I and 216-U-2 Cribs and
either carried the mobilized uranium down to groundwater along preferential pathways (e.g.,
outside of unsealed well casings adjacent to the 216-U-1 and 216-U-2 Cribs) or migrated
downward through the soil column to the water table.

The discharge of cooling water was terminated in 1985, and a pump-and-treat effort was
conducted to reduce the highest groundwater concentrations of uranium and technetium-99 in the
immediate vicinity of the 216-U-1 and 216-U-2 Cribs (Baker et al. 1988). After 6 months of
operation, treatment was terminated and groundwater concentrations rebounded to their
pretreatment levels, although substantial quantities of uranium were removed.
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3.2.2 Technetlum-99 and Uranium Mass Distribution

In 1995, prior to the most recent remediation effort using the pump-and-treat system, the zones
of highest concentration in the uranium and technetium-99 plumes were displaced eastward of
the point of origin (216-U-1 and 216-U-2 Cribs). The uranium plume distribution pattern
suggested that there could be a continuing source of uranium at or near the 216-U-1 and 216-U-2
Cribs because the head-end of the plume, as defined by the 20-pg/L contour, included the area
under the source cribs. This continuing source might be due to slow drainage of remobilized
uranium from the vadose zone. The trend of uranium concentration in this area is downward,
indicating that if drainage is continuing, it is at a low rate (BilI 1996c). The slow change is
uranium concentrations may also be due to its propensity for sorption to soil. Enough time may
not have elapsed for uranium to migrate away from the source cribs.

The technetium-99 plume distribution pattern does not suggest a continuing source of
technetium-99. The head-end of this plume, as defined by the 900-pCi/L contour, has migrated
east of the source cribs (Figure 27). The technetlum-99 (technetate) anion also has a greater
mobility than the uranium (uranyl) anion (BH 1996b) and would be expected to migrate from
the source area ahead of the uranium. Based on this distribution, a significant continuing source
of technetium and uranium is not likely. If technetium does not have a source, it is unlikely that
uranium does.

3.2.3 Technetium-99 Groundwater Plume Changes

Remediation of technetium-99 at the 200-UP-1 OU has nearly met the goal of 10 times
(9,000 pCi/L) the MCL (DOE-RL 1999b). By the end of calendar year 1999, it is anticipated
that this goal will be met, except possibly fir one localized slug near well 299-W19-29
(Figure 26). As discussed in Section 3.2.6, modeling work completed by the ERC in 1996
(Chiaramonte et al. 1997) predicted that even with no remediation of this plume, the technetium-
99 plume would dissipate to below the MCL (900 pCi/L) before reaching the 200 East Area (i.e.,
while still on the Central Plateau). Based on these conclusions and the-success in remediating to
date, the plume is expected to decay to below the MCL by natural attenuation processes before
leaving the Central Plateau.

3.24 Uranium Groundwater Plume Changes

The uranium plume has not changed significantly since remediation activities were started at
200-UP-1. As discussed below (see Section 3.2.5), retarded movement (partitioning of uranium
to the soils) is hindering remediation efforts (DOE-RL 1999b). Modeling by the ERC
(Chiaramonte ct al. 1997) under the scenario where uranium is assned a small distribution
coefficient (0.5 mIg), predicts that the plume will not move from the 200 West Area in
200 years, and uranium concentrations will faill below the MCL by natural attenuation in the
same period of time.

3.2.5 Empirical Calculation of Distribution Coefficient (K) for the Uranium Plume

The rate of uranium movement in the groundwater and the rate of remediation at the 200-UP-1
pump-and-treat system are dependent upon the degree to which uranium sorbs to the aquifer
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sediments. This phenomenon is termed the distribution coefficient, and is defined as the
equilibrium concentrations (partitioning) between the aquifer sediments and dissolved
groundwater concentration. As shown by the ERC groundwater model, even a small distribution
coefficient (Ks) will significantly reduce the rate of plume movement from the 200 West Area.
The K for uranium on the Hanford Site is often assumed to be 2 mUg (Remedial Design Report/
Remedial Action Work Planfor the 100 Area [DOE-RL 1998)), which is four times greater than
the value used for the Chiaramonte (1997) groundwater model.

Field data collected during remediation operations provided an opportunity to estimate an
empirical Kd value for uranium. This estimate is based on several assumptions that are not
verifiable but appear to be reasonable.

Baseline plume maps for 200-UP-1 show technetium and uranium plumes covering about the
same area (Figures 27 and 28). After about 5 years of operation, technetium concentrations have
been reduced substantially in most wells to near the remedial action objective of 9,000 pCi/L
(10 times the MCL), while uranium concentrations have remained essentially the same (DOE-RL
1999b). This difference in response to remediation is an indication that uranium sorbs to the
soils and is much less mobile than technetium.

After the injection well (299-Wi9-36) was shut down in 1996, contaminant concentrations
recovered in nearby monitoring wells and at the Injection well. During this recovery period, it
was observed that a tecbnetium-99 slug apparently moved past one of the monitoring wells,
299-W19-28 (Figure 29). Following this slug, uranium concentrations began increasing in a
similar manner, but lagging-behind the technetlum slug (Figure 30). By making several
assumptions, this "delayed" uranium response was used to estimate a distribution coefficient for
uranium. The following assumptions were made for this calculation:

- Technetium is assumed to move at the same rate as groundwater (nonretarded
movement).

* The high concentrations of uranium and technetium-99 were co-located at the time of
shutdown of the injection well.

* Based on contaminant trend plots shown in Figures 29 and 30, the following travel times
to well 299-W19-28 from the time shutdown of the injection are as follows:

- The injection well pump was abut off on February 7, 1997 (time - 0).
- The technetium-99 plume peaked on October 14, 1997 (time -249 days).
- The uranium plume peaked on April 15, 199g (time - 432 days).

* The average bulk density (pb) and average total porosity (0) of the aquifer sediments are
1.8 g/cm3 and 32%, respectively, taken from Borehole Summary Reportfor 200-UP-1
Operable Unit, 200 West Area (Kelty t al. 1995).

* K4 is related to the retardation factor (Rf) as K4 - (Rf - 1) 0/p).
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The retardation factor is defined as the ratio of the average groundwater velocity to the average
solute velocity. Because both the technetium and uranium are assumed to travel the same
distance to well 299-WI 9-28, the retardation factor can be determined by the ratio of the solute
travel time (uranium) to the groundwater travel time (technetium).

Given these assumptions and field input parameters, the Kd was estimated at 0.13 mL/g, less than
the groundwater model Kd of 0.5 mUg, and the generally assumed Hanford Site value. This
estimate may be less than the actual field value because the uranium plume did not recover to a
peak (as did technetium). The uranium increase may also be affected by rebound (i.e.,
desorption from the sediments in addition to slug migration). That sorption of uranium to the
soils does occur is confirmed by the slow to no response during remediation-(concentrations in
the groundwater are generally unchanged).

To better understand plume movement, it is recommended that a rebound test be conducted (i.e.,
a period of monitoring [e.g., 6 months] without operating the extraction well and monitoring
contaminant concentrations) and that laboratory tests be performed to quantify the amount of
uranium sorption to the soil (Kg). This information is important as a model input parameter for
determining the rate of plume movement, concentration changes with time, and effectiveness of
remediation. This information will ultimately support the final ROD.

3.2.6 Groundwater Modeling

Two recent Hanford Site-wide groundwater numerical models have been constructed and used to
predict movement of contaminants from the 200 West Area. The ERC developed and applied a
model to predict the long-term impacts of contamination on the groundwater and to evaluate the
effectiveness of current and proposed remedial actions (Chiaramonte et al. 1997). Construction
of the ERC model was initiated under Westinghouse Hanford Company and was completed by
the ERC.

A second groundwater model was developed by PNNL to support the Hanford Groundwater
Project and to predict future conditions of the unconfined aquifer as affected by cessation of
Hanford Site operations, to assess the potential for contaminants to migrate via the groundwater
pathway to the Columbia River, and to evaluate specific contaminant issues (Barnett et al. 1997).
The numerical portion of the PNNL model is based on the Coupled Fluid, Energy, and Solute
Transport (CFEST) code developed by Gupta et al. (1987). The conceptual model supporting the
numerical code was constructed with nine layers, each representing major hydrogeologic unit
within the unconfined aquifer system (Barnett et al. 1997). This model has not been used for
predicting movement of carbon tetrachloride, uranium, and technetium plumes.

The ERC model is based on a three-dimensional numerical code developed by HydroGeologic,
Inc., Herudon, Virginia, called the "Variably Saturated Analysis Model in Three Dimensions
with Preconditioned Conjugate Gradient Matrix Solvers (VAM3DCO)." Conceptually, the
model is divided into an upper and lower hydrogeologic unit (the Hanford formation and Ringold
Formation, respectively), but the model could be fluther subdivided into three units within each
of the major layers if desired. Hanford Site-wide model simulations were performed using the
VAM3DCG Code for seven groundwater plumes, and four of these plumes are of interest for this
conceptual model update. The purpose of the modeling was to predict how the major
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groundwater contaminant plumes on the Hanford Site will move and change over time and for
specific cases in response to remediation efforts. The four relevant plumes were carbon
tetrachloride, technetium-99, uranium, and tritium.

Significant findings related to contaminant plume movement and remediation efforts for these
plumes are discussed below. The model runs extended 200 years into the future (from 1995 to
2195).

3.2.6.1 Carbon Tetrachloride. The carbon tetrachloride groundwater plume covers most of the
western part of the 200 West Area with a high-concentration region (>2,000 pg/L) centered
around the Plutonium Finishing Plant (Figure 16). As previously noted, thehigh-concentration
region of the plume is being remediated using pump-and-treat technology within the 200-ZP-1
OU. The larger, more widely distributed and diffuse portion of the plume is not being
remediated at this time. Results of the ERC model provide significant insight into the current
remediation effort and future remediation efforts. Conclusions from the ERC model predictions
are summarized as follows:

- If left unremediated, concentrations of carbon tetrachloride above the drinking water
standard (5 pg/L) will move off the 200 West Plateau in 200 years (Figure 31).

* The presence of a continuing carbon tetrachloride source has very little effect on the
overall size of the plume but does produce an increase in concentrations (continuing
degradation of groundwater) near the Plutonium Finishing Plant and east of the source
area (Figure 32).

* If the current pump-and-treat remediation effort is successful (i.e., the high-concentration
area is completely removed), carbon tetrachloride contamination will still move off the
200 Area Plateau in less than 200 years (i.e., plume concentrations and overall plume
distribution is not noticeably modified by remediation efforts) (Figure 33).

* The use of a small retardation fhotor (0.114 mL/g) results in carbon tetrachloride staying
within the 200 Area Plateau during the 200-year model period (Figure 34). However, at
the current time there is no indication that dissolved carbon tetrachloride sorbs to aquifer
sediments and is retarded in movement.

In summary, based on the ERC study, the mass of carbon tetrachloride that has moved away
from the source area and that is not being remediated is sufficient to cover the entire 200 Area
Plateau and potentially reach the Columbia River at concentrations above drinking water
standards (although the 200-year model was not run for a long enough period of time to confirm
that carbon tetrachloride would finally reach the river). Remediation of the high-concentration
area will help to prevent firther degradation of the unconfined aquifer, but only near the
200 West Area. Although this model did not account directly for natural attenuation processes
(e.g., biodegradation, geochemical interactions, and volatilization), use of the low Kd was
functionally equivalent. Then. processes are expected to mitigate the spread rate of the plume
and, thereby, significantly reduce the extent and rate of plume movement. Future modeling .
efforts should include these processes in predicting plume movement. The generally assumed
value of zero Kd should also be confirmed since any absorption would inhibit plume migration.
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Remediation of the larger, more diffuse portion of the carbon tetrachloride plume (i.e., outside of'
the high-concentration area) appears to be paramount if the plume is to be restricted to the
200 Area Central Plateau.

3.2.6.2 Technetium-99 and Uranium. Technetium-99 and uranium contamination located to
the southwest of the U0 3 Plant is currently being remediated using one extraction well and
currently no njhection wells (Figure 26).. Groundwater is transported via pipeline and treated at
the 200 East Area ETF. After treatment, the clean groundwater is disposed at the SALDS north
of the 200 West Area. Results of the ERC model are instructive for remediation of these plumes
and provide direction for the current remediation effort. Conclusions from the ERC model are as
follows:

- Without remediation, the technetium-99 and uranium plumes do not move from the
200 Area Central Plateau in 200 years, and concentrations fall below the MCLs
(Figures 35 and 36).

- Assuming that the uranium plume is remediated (i.e., the high-concentration portion of
the plume is removed), modeling indicates that the plume reaches the 200 East Area in
200 years, and concentrations decline to less than the MTCA cleanup level (Figure 37).

- With no remediation of uranium and assuming a small retardation factor (K), the
uranium plume does not leave the 200 West Area after 200 years. Only a small core area
in the region of remediation remains above the MTCA cleanup level (Figure 38).

In conclusion, based on the ERC study, little technical benefit appears to be gained by
remediating the technetlum-99 and uranium plumes under the current pump-and-treat system
operation. If remediation were discontinued, it is expected that concentrations of technetium-99
and uranium would fail below groundwater regulatory limits before leaving the 200 Area
Plateau. In the case of technetium-99, this'is even more likely, given that this plume has been
substantially reduced through remediation activities. Field data demonstrate that uranium is
sorbed to aquifer sediments and because of this has responded minimally to remediation efforts
(DOE-RL 1999b). For those modeling runs that used a Kd, the rate and extent of plume
movement was significantly diminished. Hence, uranium is not expected to move any
significant distance from the 200 West Area before declining to below the MCL. Based on this
modeling work, the minimal response of the uranium plume to remediation (Section 3.2.4) and
the success in remedlating the technetium (Section 3.2.3), it is recommended that the pump-and-
treat system be shut down and a monitoring/plume tracking program be implemented. If plume
concentrations were to exceed some "trigger-level," the pump-and-treat system could be
restarted.

3.2.6.3 Tritium. Multiple tritium groundwater plumes are present on the Hanford Site,
including the 100 Areas, the 200 West Area, the 200 East Area, and from 200 East Area to the
Columbia River (Hastia 1999). Of significance for this report is the tritium plume at the
SALDS (Figure 1). The SALDS was purposely located in an area of relatively slow groundwater
movement (low hydraulic conductivity) to maximize the time for plume decay prior to moving
away from the 200 West Area, off the 200 Area Plateau through Gable Gap, and ultimately to the
Columbia River. The results of the ERC model predicted the following:
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e In 50 years, tritium concentrations will decrease below drinking water standards
(20,000 pCi/L) across the Hanford Site, except for the SALDS.

* The tritium plume remains in the area of the SALDS.

* Between 50 and 100 years, tritium concentrations from the SALDS plume decline to
below the drinking water standard.

Based on this modeling, it can be concluded that tritium will not leave the SALDS above MCLs.

The PNNL CFBST model was also used to predict plume movement at the SALDS (Barnett
et al. 1997). Model 1i91t assumed that tritiated effluent would be discharged to the SALDS at
rates ranging from I m/day to over 350 m3/day, generally falling between 135 and 185 m3/day.
It was frther assumed that tritium went to the SALDS for approximately 30 years, with
tritium-free discharges following for an additional 9 years. The modeling results were similar to
the ERC model, predicting that the tritium plume remains near the SALDS. The similarity in
results lends additional credence to the conclusion that tritium will not leave the 200 Area
Plateau above drinking water standards.

4.0 CONTAMINANT TRANSPORT

4.1 VADOSE ZONE/GROUNDWATER INTERFACE

The capillary hinge forms the interface between the vadose and groundwater zones. Because the
capillary finge does not contain a connected gas phase, transport of contaminants through this
zone must occur in the aqueous or DNAPL phase. The three main mechanisms for aqueous
contaminant migration through the capillary Binge are diffusion and dispersion, advection, and
fluctuations in the elevation of the water table (Pankow and Cherry 1996). These processes of
aqueous-phase transport would produce a shallow groundwater plume (Pankow and Cherry
1996).

At the top of the capillary fhnge, vapor-phase contaminants partition into the aqueous phase, and
transport through the capillary finge occurs by dispersion and diffusion along the aqueous-phase
concetraton gradient (Pankow and Cherry 1996). A vapor-phase source should result in a
shallow (I- to 2-m thick) vertical distribution in the aquifer due to the relatively slow process of
molecular difuion, the process by which the carbon tetrachloride vapor enters the groundwater
(Pinder and Abriola 1916). Pankow and Cherry (1996) point out that because molecular
diffusion and dispersion are weak processes, advective transport due to infiltrating water is likely
to be a more significant mechanism for transporting contaminants downward through the
capillary fringe. At the carbon tetrachloride disposal sites, an infiltrating water mechanism
would have been more viable during operations when large volumes of water were artificially
recharging the groundwater.
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The elevation of the water table can change in response to barometric pressure fluctuations,
regional water table decline, and pump-and-treat operations. Each of these may influence carbon
tetrachloride migration. The elevation of the unconfined aquifer water table below the carbon
tetrachloride source cribs fluctuates up to 0.2 m/day in response to fluctuations in barometric
pressure (Rohay et al. 1993). Over a 20-year period (1965 through 1985), the elevation of the
water table rose and then declined 2 m; it is currently declining 0.45 m/yr. As the water table
drops, contaminated vapors are drawn deeper into the expanded vadose zone and can partition
into the newly exposed soil moisture. When the water table rises, the contaminated soil moisture
will be incorporated into the groundwater system (Pankow and Cherry 1996). At the carbon
tetrachloride site, the 2-m rise from 1965 to 1977 likely incorporated the carbon tetrachloride in
that zone. The gradual but continual water table decline since 1977 would minimize additional
contamination of the groundwater, but the daily fluctuations create a mixing zone that may
continue to incorporate carbon tetrachloride. Temporary cessation of pump-and-treat operations
at individual extraction wells would cause the water table to rise locally, incorporating carbon
tetrachloride that migrated downward into the cone of depression. However, cessation of
operations occurs infrequently and this mechanism may be insignificant with respect to
degradation of groundwater quality.

Transport and partitioning of carbon tetrachloride vapor between the groundwater and vadose
zone may contribute to the large "low concentration halo" surrounding the high-concentration
core of the groundwater plume.

As a DNAPL moves into the tension-saturated portion of the capillary zone, it must displace
water if continued downward migration is to occur. Since it is generally a nonwetting fluid with
respect to water, there must be a sufficient buildup of capillary pressure to allow the organic
liquid to overcome the entry pressure of the nearly water-saturated medium (Pankow and Cherry
1996). The DNAPL may also spread laterally at the top of the capillary fringe. The DNAPL
reaching the 216-Z-9 capillary fringe prior to 1965 was likely incorporated into the groundwater
by the rise of the water table between 1965 and 1977.

Potentially, a continued source of carbon tetrachiloride to the groundwater in the area below the
216-Z-9 site exists because the centroid of the groundwater plume still includes the area
underlying the disposal site. The carbon tetrachloride source may be within the vadose zone
and/or within the aquifer. Numerical modeling of vadose zone flow and transport indicates that
both dissolved and nonaqueous-phase carbon tetrachloride reached the groundwater beneath the
216-Z-9 Trench and may have continued to enter the aquifer for many years (Piepho 1996). This
potential vadose zone source has been mitigated by SVE operations that began in 1992.

5.0 DATA GAPS AND RECOMMENDATIONS

The nature, extent, and rate of movement of the carbon tetrachloride, uranium, and technetium
plumes have been evaluated, but several key data gaps currently exist. These data gaps are
summarized below with a description of the uncertainties in the existing database being used to
formulate the conceptual model. Recommendations to address the data gaps are included.
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Data gap: The lateral extent of carbon tetrachloride in the vadose zone and the vertical
extent of carbon tetrachloride in the groundwater need better definition. Improved
definition of the contaminant distribution will support assessment of the carbon
tetrachloride mass balance and the expected magnitude of the remediation efforts.

Recommendations: (A) To characterize the deep distribution of carbon tetrachloride in
the groundwater, new well installations should be advanced through the unconfined
aquifer to the uppermost confined aquifer and samples should be collected and analyzed
for carbon tetrachloride (and other constituents). If a well had been planned for
completion at the top of the unconfined aquifer, it could be backfilled and completed at
the original targeted depth after sampling.

(B) New groundwater wells should be installed to monitor deep within the unconfined
aquifer.

(C) Existing groundwater wells that have gone dry because of the declining water table
elevation could be extended to collect deep groundwater samples or reconfigured to
collect vapor samples in the vadose zone, particularly away from the crib disposal sites.
Because these wells would not be compliant with current Washington Administrative
Code standards, a variance would be required from Ecology.

(D) Well 299-W14-09, which is east of 200-ZP-1 groundwater extraction well
299-WI 5-32 and is perforated in the confined aquifer below the lower mud unit, should
be sampled at depth and then reconfigured to monitor the top of the unconfined aquifer.
In this area, there are no wells screened at the top of the unconfined aquifer; therefore, the
lateral extent of the carbon tetrachloride plume is poorly defined. In addition, the
groundwater samples could be used to identify other contaminant plumes (e.g.,
technetium-99) that may be present in this area, based on detection in groundwater
extracted by the 200-ZP-1 pump-and-treat system (see Recommendation 10 below).

2. Data gap: Data are needed to determine the extent of the carbon tetrachloride non-
equilibrium sorption in the vadose zone and groundwater. This information would help
account for the inventory and help define remediation needs.

Recommendation: Laboratory tests and analyses should be performed on representative
Hanford Site sediments.

3. Data gap: The partitioning coefficient (K4) for carbon tetrachloride on site sediments
and its variability across the site needs to be quantified (it may be equal to zero). This
information would help refie the predictions of carbon tetrachloride transport rates using
numerical models.

Recommendation: Laboratory tests using site-specific soils and representative mixtures
of organics should be performed to quantify the partitioning coefficient (K) for carbon
tetrachloride on Hanford Site sediments and its variability.
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4. Data gap: The location, amount, and properties of DNAPL carbon tetrachloride within
the subsurface need to be assessed. This information would help focus and define the
remediation needs.

Recommendation: The 200-ZP-1 groundwater-pumping operations should be
temporarily shut down (or an "opportune time" should be identified during an outage) to
measure groundwater concentration rebound. If rebound occurred (an increase in carbon
tetrachloride concentrations), the presence of residual DNAPL in the aquifer would be
implied.

5. Data gap: The residual saturation of carbon tetrachloride (i.e., the*carbon tetrachloride
held in vadose zone sediments that is no longer mobile except through partitioning to
pore water) should be quantified. This information would help account for inventory
within the vadose and groundwater zones, refine the estimates of flux from the vadose
zone to the groundwater, and refine the numerical modeling estimates of the depth of
carbon tetrachloride in the aquifer.

Recommendation: Soil samples (split spoons or cores) in the vicinity of the disposal
sites should be collected and analyzed to quantify the residual saturation. Because SVE
operations have modified the distribution of subsurface carbon tetrachloride and possibly
s6il moisture beneath the disposal sites, part of this task is to identify suitable locations
for data collection and measurements.

6. Data gap: Estimates of the fate and location of the original carbon tetrachloride
inventory discharged to the soil column need to be improved; approximately 65% of the
inventory could not be accounted for using data available in 1992 and equilibrium-
partitioning relationships. Accounting for a larger percentage of the original inventory
will allow better understanding of the extent of remediation required.

Recommendation: The inventory mass balance should be re-evaluated based on more
recent studies and data from current remedial actions in the groundwater and the vadose
zone.

7. Data gap: The high-concentration area of the carbon tetrachloride groundwater plume
appears to be persistent but is situated northwest of the known carbon tetrachloride
disposal sites. Low-concentration lobes of carbon tetrachloride exist to the south of the
known disposal sites. Relatively high concentrations of carbon tetrachloride have been
consistently detected near T Plant, north of the known disposal sites. The distribution of
carbon tetrachloride away from known disposal sites might be the result of an
unidentified source or the result of complex migration patterns driven by changing
aquifer hydraulics. Identification of the sources of the groundwater plume will help focus
source removal and groundwater remediation efforts.

Recommendation: The hydraulic flow fields during and after the carbon tetrachloride
disposal should be re-evaluated to determine if the distribution of carbon tetrachloride is
reasonable based on the hydraulics alone. The hydraulic flow field in the 200 West Area
has changed multiple times over the last 50 years. Many of the facilities produced local
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groundwater mounding, caused radial flow, and introduced complex flow patterns.
Results of this evaluation may identify other contributing carbon tetrachloride disposal
areas.

8. Data gap: In areas of high groundwater concentrations, carbon tetrachloride is probably
volatilizing from the groundwater to the vadose zone. This potential migration of carbon
tetrachloride out of the groundwater may contribute to natural attenuation of the plume,
achievement of remedial objectives, and selection of remediation technologies.

Recommendation: A study, including field measurements near the groundwater/vadose
zone interface, should be undertaken to quantify the volatilization process.

9. Data gap: The ratio of carbon tetrachloride to chloroform detected in deep groundwater
samples generally varies from 1 to 200. The cause and significance of this variance is
unknown but could potentially yield insights on contaminant source, inventory, and
distribution.

Recommendation: A systematic study of the carbon tetrachloride/chloroform
relationship in both the vadose zone and groundwater should be conducted using existing
data.

10. Data gap: The identification and lateral and vertical extent of a suspected technetium-99
plume east of 200-ZP-1 extraction well 299-WI 5-32 cannot be evaluated at this time
because there are no unconfined aquifer monitoring wells in this area. The only available
eastern well is 299-W14-09, which is screened in the confined aquifer. This well has
never been sampled for technetium. This information will support groundwater
remediation efforts.

Recommendation: It is recommended that well 299-W14-09 be sampled at depth for
technetium and then reconfigured to provide a monitoring well at the top of the
unconfined aquifer. Because of other possible radionuclide contamination in this area,
radionuclide sampling should also be perfoimed for iodine-129 and tritium.

11. Data gap: Although technetium has been detected in groundwater extracted using the
200-ZP-1 pump-and-treat system, analyses have not been 9onducted to ascertaid the
presence of other mobile radionuclides. The presence of these contaminants in the
system may impact operations.

Recommendation: Additional operational sampling for radionuclides should be
conducted at 200-ZP-1 to ascertain whether technetium-99 and other radioactive
contaminants (e.g., iodine-129 and tritium) are being removed by the extraction wells and
are moving through the system.

12. Data gap: Low (<10 pCi/L) plutonium-239/240 and americium-241 activities were
detected in a well adjacent to the 216-Z-9 Trench; however, the well has gone dry and
can no longer be sampled. The plutonium and americium contamination observed in
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groundwater at the 216-Z-9 site might signify soil column breakthrough or a preferential
pathway in the well.

Recommendation: Follow-up sampling of groundwater from extraction well
299-Wl5-32, located next to the 216-Z-9 Trench, has resulted in no detections of
plutonium, neptunium, and americium. However, because this well draws water from a
considerable area, the samples may be dilute and not representative of contamination
directly under the trench. Therefore, samples should be collected after the extraction well
has been shut down for the rebound test and static sampling conditions are reached.
Ideally, this sampling would be done using micro-purge techniques.

13. Data gap: Numerical predictions of the migration of the uranium plume are sensitive to
the degree of uranium sorption to the soil, yet the value and variability of this parameter
is not well known. This information is important as a model input parameter for
determining the rate of plume movement, concentration changes with time, and
effectiveness of remediation.

Recommendation: To better understand the uranium plume migration, it is
recommended that laboratory tests using site-specific soils and/or field tests be conducted
to quantify the partitioning coefficient (Kd) for uranium on aquifer soils.

14. Data gap: According to numerical modeling results, little technical benefit appears to be
gained by remediating the technetium-99 and uranium plumes under the current
200-UP-I pump-and-treat operation. If remediation were discontinued, numerical
modeling indicates that concentrations of technetium-99 and uranium would fall below
groundwater regulatory limits through natural attenuation before leaving the 200 Area
Plateau. However, there are only minimal field monitoring data to confirm the results of
the numerical modeling.

Recommendation: The pump-and-treat system at 200-UP-1 should be shut down and a
monitoring program should be implemented to track plume movement and to measure
rebound of uranium and technetium. These data would provide a measure of the rate of
natural attenuation and an indication of the permanency of remediation in support of the
final ROD.
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Figure 1. 200 West Area Groundwater Operable Units and Facilities.
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Figure 2. Surface Geologic Map for the Hanford Site (from Hartman 1999).
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Figure 3. Comparison of fydrogeologic Units and Lithostratigraphic Units

for the Hanford Site (from Hartman 1999).
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Figure 4. Structure Contour Map of Early Palouse Soil (from Lindsey et aL 1991).
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Figure 5. Thickness of the Upper Ringold Unit (from Lindsey et a., 1991).
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Figure 9. Water Tabl bIm l Regijon of the 200 West Are.
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Hydrograph for WeH 299-WS1 at the North Boundary of the 200
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Flgure 13. Hydrograph for WeDl 699-39-f9 at the Wet Boundary of the 200 West Area.
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Figure 14. Comparison of Hindeast Map of 1944 to Predicted Water Table Map in
Year 2350 (after Cole et A. 1997).
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Figure 15. Difference In Water Level Elevation Between
Wells 299-W15-16 and 299-W15-17.
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Figure 18. Carbon Tetrachloride Concentrations In Well 699-39-79 Since 1990.
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Figure 19. Carbon Tetrachloride Concentrations in Well 299-W1S-2l Since 1990.
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Figure 20. Carbon Tetrachloride Concentrations in Well 299-W1S-31A Since 1995.
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Figure 21. 200-ZP-1 Carbon Tetrachloride Renelatlon Area Plume as of September 1998
(from DOE-EL 1999b).
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Figure 25. Changes in Carbon Tetrachloride Concentrations
in Well 299-W1S-16 (Top of Unconfined Aquifer)

and Well 299-WIS-17 (Bottom of Unconfined Aquifer).
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Figure 27. 200-UP-i Remedlation Sits Technetium-99 Contaminant Plume.
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Figure 23. 200-UP-i Remedlatlon Site Uranium Contaminant Plume.
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Figure 29.- Technedum-99 Concentrations In Well 299-W19-28.
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Figure 30. Urmnium Concentrations in Well 299-W19-28.
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Figure 31. Predicted Carbon Tetrachloride Concentrations after 200 Years;
No K, and No Source (from Chisramonte et Wl. 1997).
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Figure 32. Predicted Carbon Tetrachloride Concentration after 200 Years;
No Kd and Continuing Source (from Chiaramonte et A 1997).
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Figure 33. Predicted Carbon Tetrachnloride Concentrations after Remedlatlon
and in 200 Years; No K& and No Continuing Source (from Chlaramonte et A! 1997).
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Figure 34. Predicted Carbon Tetrachioride Concentrations after 200 Yeans;
lKd - 0.114 mL/g and Continmun Source (Chiaramonte et al. 1997).
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Figure 35. Predicted TechnetIum-9 Concentrations after 200 Years;
No Kj and No Continuing Source (from Chiaramonte et aL 1997).
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Figure 36. PredIcted Uranium Concentrations after 200 Years; No K,
and No Continuing Source (from Chiaramonte et al. 1997).
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Figure 37. Predicted Uranium Concentrations after Remedlation and In 200 Years;
No Kd and No Continuing Source (from Chiarainonta et at 1997).
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Figure 38. Predicted Uranium Concentrations after 200 Years; Kd - 0.5 mL/g
and No Continuing Source (from Chiaramonte et *1. 1997).
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Table 1. Major Hydrogeologic Units Used In Sitewide Three-Dimensional Model
(from Hartman 1999).

Hydrogeologic
Model Unit Correponding Lithologic Description

Number Geologic Unit
Hanfon formation' Glaciofluvial gravels and sands (catastrophic food
and pre-Missoula deposits)
gravels

2 Palouse soil Fine-graied sediments and eolian silts
3 Plio-Pleistocene Buried soil horizon containing caliche and basaltic gravels

Unit
4 Upper Ringold Fine-grained fluvial and lacustrine sediments

muds
5 Middle Ringold Coarse-grained fluvial sediments, semi-indurated, poorly

(Unit E) and some sorted sands and gravels with some silt
Upper Ringold
sands -

6 Ringold Unit C Fine-grained fluvial and lacustrine sediments with some
interbedded coarse-rained sediments

7 Middle Ringold Coarse-grained fluvial sediments
(Units B and D)

8 Lower Ringold Fine-grained fluvial and lacustrine sediments
Mud

9 Basal Ringold Fluvial sand and gravel
(unit A)

10 Columbia River Basalt
Basalt Group
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Table 2. Disposition of Carbon Tetrachloride Inventory Discharged to the Soil Column.

Nrcent of Estimated Estimated Mass of
Carbon Tetrachloride Original Carbon Carbon ReferenceDisposition Tetrachyride TetrachlorideInventory (g

(Avg. 750,000 kg)

Estimated Using Pr.-Remedation Data
Equilibrium partitioning within 91,000 WHC 1993
vadose zone into vapor, dlssolvcd 12
and adsorbed phases
Lost to atmosphere 21 159,000 WHC 1993
Biodograded 8,000 (4,385 for Z-9 Hooker et al. 1996

only)

Dissolved in upper 10 m of 15,740 Rohay and Johnson
unconfined aquifer (assuming 30% 2 1991
porosity and no partitioning to
aquifer solids)

DNAPLresidual in vadose and/or 65 484,000 WHC 1993
unconfined aquifer -I__

Measured Using Rkmediation Data
Removed from vadose zone using 76,000 Rohay 1999
soil vapor extraction (1992 through 10
1998)
Removed from unconfined aquifer 2,100 DOE-RL 1999b
using pump and treat (1994 0.3
through 1998)

Table 3. Mass Estimate of Carbon Tetrachloride Contained In Groundwater
Plume in 1990 (from Rohay and Johnson 1991).

Contour Median Calculated Mass (kg) Percent of CumulativeInterval Area (m) Concentration Porosity- Porosity- Total Percent
("&) PWL)10% .30%

10 to 100 8.34 E+06 35 460 1,380 8.75 8.75
100 to 1,000 3.09 E+06 550 1,700 5,100 32.39 41.14

1,000 to 0.64 E+06 1,500 970 2,9M 18. 59.58
2,000

2,000 to 0.30 E+06 2,500 760 2,280 14A9 74.07
3,000 1

>3,000 0.27 3+06 5,000 1,360 4,080 25.93 100.00
Total 12.65 E+06 - 5,250 15,740 100.00 -

'Assuming a depth of 10 m.-
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APPENDIX A

CARBON TETRACHLORIDE CONCENTRATIONS IN
SAMPLE* COLLECTED AT DEPTHS >10 M BELOW THE WATER TABLE

A-i



Table A-i. Carbon Tetrachloride Concentrations in Samples Collected at Depths >10 m Below the Water Table. (20 pages)

Cart.TaracMrMe Chihfnr Swreemmaapke
((CC Dag, Depa

WeE CA -rq pm Cad DauaSomr Cmmu
DMb Numw cua. IBM

MC FwT see Sep Sq
(a bO (a b"O U~ited

29-W-3 06h992 BDOSE N 5 U I J 5 43 539 51.6 m Duep HES

3P-fWl-3 06EIIJUM2 BOM A N 5 UP 5 UP 1 43 513 516 bs Disp HE3S

2U-W6-3 WW390 BMWUS N 5 U 5 U 1 41.7 51.9 53. fsDip HIS

299-WG-3 12.W3992 3013B 6 N 5 U 5 U 1 43 519 51.6 PeeDap H-

29fW6-3 OSIIW1fS BO OM N 0.5 Q 1.1 0 43.7 513 5.4 PoSDISp HES

299-W6-3 061W39P3 MN4IS N 12 L IA L 1 43.7 51.9 51. PasDisp HBIS

29-W6-3 021OM994 BM N GAP L 0.19 L 3 4L37 519 51.6 im Dip HES

299-W6E- M2M994 004 N 04W L 0.53 1 4&.7 59 51.6 PeDip HEM

219-W-6S O3fWM S BDIQF4 N 1.1 074 1 43.7 51.9 S1 PM Dlp M

299-W6-3 0W141995 0010 N 0.7 074 1 4L3 7 k. 51.6 PasDbp HEM8

299-Wa4 0313f992 3164B 5 N 5 U 5 U 1 47.8 51. 48.9 Pms Disp HEIS

29-W6-6 0611/19 DOUI N 5 U 5 U 1 41. 51.1 4.9 Ps DISp HIS

29WG- 041992 307808 N S U 5 U 1 47.3 51.1 43.9 Pmr Disp HEIS

29*W-6 12M/92 00A N S U 5 U 1 47.1 SL1 41.9 PagDimp HE

299-Wa 0M171993 SIWS N 5 U 5 U 1 47.2 51.1 43.9 Pa Disp HES

2%-W- Ol9IP 940m N 07 U OA U 2 47.9 51. 4.9 PasDbp HEM

2S9-W- 02M ff1994 B09P N 0.12 U 0.04 u 3 47 51.1 43.9 Fm Disp HEM

299-WE- 0W2/1994 3OCM24 N 0.32 U O.S U 6 47. 51.1 48.9 PasDisp HES

299-W- 3OSMWIP9 BODIDE N 0.0 U 0.04 U 2 47.8 51.1 4.9 PFr Disp HEIS

299-W6-6 09 I1995 BOG7 N 0.06 L 0.03 U 2 47. S 1 4&.9E



Table A-1. Carbon Tetrachloride Concentrations in Samples Collected at Depths >10 m Below the Water Table (20 pages)

CartsTraduriMW CluVAef swmeismmpie
(Cat) (CtCIo Dqpt

Wes SMuhI wkr CC, Dtn Sowue ComrmotnR1n KNauw -- CmE

* T*w N " Top DUM s. SUWONq";(.s" (n b (Mp OS

299Wi-I 00MInu I0008MO N S U S u I A3. 76.3 7139 Pas DW -E
299-W7-3 12F39S HMOEIPDO N 5 U 5 U I 63.0 76.5 71.9 Pas DW HEM

299W7-3 23IMS M NSS N 5 U 1.8 U 1 6.0 765 71.9 Pa DW HES
29-W7-3 OISIU NMESM N 5 U I. 5 U 1. 1 63.0 765 71.9 PaF [bp HEIS

29-W7-3 MSII9M UOM N 5 U 1.8 5 U 1A 1 68.0 765 719 P Dhp HES

299-V7.3 - A1A9 90 IM0M5 W 5 U 1. 5 U 1. 1 63.0 765 71.9 FDWp IS

299-W7) OSM7/BNOO USF N 5 U 18 5 U 1-8 1 61.0 76 713 Pas MIP HE

299-W7-3 0WMIh 3314 N S U 5 U I 6.0 7 5 71.9 FDIP. IMS
299--3 IMMlM "013W N 5 U 5 U 1 68.0 765 71.9 Fs 1E HEM

299-W7-3 0I12M92 B1V47 N .9 5 U 0 6a. 76 71.9 ma MW HE

299--W7-3 OlflIS2 Sf04 N 5 U 0.6 3 9 6.0 75 719 Ps LOp HE

299-W7-3 .GOM992 30741D N 5 U 5 U 1 6.0 76.5 71.9 PDIp HEM

299-W7- 121199 3D01n05 N 5 U 5 U 1 6.0 76.5 71.9 FmuD§y HERS

299W7-3 02/WE 3 S66637 N 5 U S U I 6.0 763 71.9 PasDlp HES

299-W- 2W17I S BIUQ4 N 0.27 U 0A L 2 6.0 7M 73.9 PasDp HEIS

2997-3 0/2993 969310 N 0.37 U 0A U 2 68.0 765 71.9 Pas D3 HEMS

299-W-3 125MM13 SEKRS N 0.3 L 0.3 L 0 6A.0 76.5 71.9 Pw DIy HIS

299-W7,- 021223394 UISW4 N 032 LY 039 LY I 68.0 76.5 71.9 PosDL HERS

299-W7i 3 WI959 3CS34 N 0.32 U 0.06 L 5 6.0 7&5 71.9 Pu Dl HMS

299-W73 03/1311995 StMio 14 0.0 L 0.15 L 1 6 76.5 71.9 Pas DI HES

299-W7-3 0W12f199S SOGCI N GAS L 0.12 L I 63.0 76 71.9 Pn3p HERS

299-W7 03u7/1996 u WMK4 N 0.2 LH 0J03 U 7 6.0 765 71.9 Fua DW EIS

299-W7-3 0W1711996 3019 N 0.3 U GA I 6.0 X5 71.9 PM D P HEIS

1.3

66w



BHI-01311
Rev. 0

I
&
4'
V
I-

V

I
U

S

-4

ii
I
0

CE)

Ia.

I
.1
a
I.8'

.3
'C

I
I-
U

*1
Cd

V

U 'U
A

U,

AA
'V

A

Ii
__ 4
ja -

isa
.9

I
A-3

4

A

.9

I
4'

'IA

.9

I
.9

IAA.9
.I.9

4

A
.4 .9

Ih1l1hl111111111

_on 1AE1*IA



Table A-1. Carbon Tetrachloride Concentrations in Samples Collted at Depths >10 - Below the Water Table. (20 pages)

CabmTeaMediMorme C maru SewmASmP
-e(Cid .(Cma, as* D" -U a

WS D Nuubw 33sd? Cca Data Sowrn Cement

G&L ~~ ~ ~ but) abut)w ( " Depa th oe(m t

IW-W10-14 12O/Mu BOSQI N 0.12 U 0AS L 2 553 GIA 53. PsDisp mUNS

299-w10-14 WJI/1394 DnSa N 0.12 U OM U 3 55.3 61A 55 Pas Dip HEIS

29-W10-14 Olflfl9 UQC9U N O.M U OS -U 6 55.3 61A 53.5 Pa.D*1p HEIS

29--4 3/IYWMUS BUMS N OM U M U 2 5.3 61A .53. asDbp HI

29-W30-14 01/19 3004 N 0. L *0 L 3 5.3 61A 53.5 sDMip HEIS

299-WI644 03MMIl996 BOMS N 0m U 0.3 U I 5.3 61A 53.5 PomDhp HEM

2996W0.14 0fOl996 30G0 N 0.5 U 0.2 U 3 55.3 61A 53.5 PasDisp HEM

20-W1014 IWf1M SK41 N -0 U 0.2 U 3 35.3 61A 53.5 Ps Di*p HEIS

299-W10-44 ameM tMui N 0.14 U 0.17 U I 55.3 61A 53.5 Pm Dip HEIS

299W1044 oMaNu9' BOHM15 N 02 JQ 0.2 JQ 1 55.3 61A 53.5 PsDip HEIS

299-10-14 O9mwmi DUD N 0.14 U 0.17 UQ 1 5S.3 61A 53.5 Pt Dip HEIS

2fl-W10-14 OSSI,99 nIN3h N 0.15 U 0.09 U 2 55.3 61A 53.5 PPD*ip HEIS

299-Wo-22 00111996 3W13 5 U S U I 0. wC-PSIS5

299.WJO-22 Oini9g 80WI4 5 U S U I 0.0 WHC4P4MIS Dupile

299-U12 W1511994 0W!7 25 17 13.5 WHC-EP4.15

2996-wIo22 oww 4 nw. 21 13 2 13.5 WHC-E-6415 Spik

299-W10-24 EWMf'l9f MUM35 N 490 D 10 49 16.9 PNNL-12U6

299-WIO-24 i&12fW 9033 0 GN160 25 64 301 PNNL-20

299-WIO-24 i13l31998 BR3D9 N 730 DQ 13 56 46.3 PNNL-12S6
to
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Table A-1. Carbon Tetrachloride Concentratioms in Samples Coflected at Depths >10 m Below the Water Table. (20 pages)

Carbe. Tefrtckrme Ca . . rI SuakeuWs phe
us*3Oa (CEO* R6e Dep*

We D PNben c Data Seen Commest

q&Wq0L 9Ee CM TO o om Ice on uofu

299-W144 WI/119 MWW4 N 4 3 I 36. 92.0 Submm. HE. 91401126

299-W144 iOzM99u aasM4 N 36 Lo 0 5o 92.0 SAm g. HEDAM-o1126

29W14-9 97MM, muMA N n - in 0. 56.0 .92.0 10 NB*. aM 41126

299-W14-14 tW4nm sw 4 N 31 D 4 1 45 14.5 FMML2M

299-W14-14 U2W1US aIRO N 30 DQ 4 1 95 30.1 MAL-12086

299.W14-14 M91WO DOMV N 9m DQ 9 102 39.8M4161AM6

2996WW114 IWIW S BUM N 920 DQ 9 102 39. F3II2

299-W14-14 IIAflUSg BOTS N 380 D 13 Q 29 5.9 non'2a-mm
299W14-4 IImWIWs StifT7 N 590 D 25 24 6.S PN612096

299-W14-14 12f111996 ri3lA N 140 D 14 10 HIS

299~Ws-I 7/IM996 5800 560 10 1.5 M41121

299-W-S 5/191996 600 300 20 4.6 91141121

299-W154- &51997 2600 46 57 33.5 - 1I-41121

299-W154 7n131997 850 37 23 65.8 81-01121

299-W15- 7124f1997 120 II 7 86.0 MU-41121

299-WA5-5 136997 1 3 1 3 1 102.7 9H441121

299-WI5-5 a1f2/1997 0 U 0 U 112.2 a-011121

0.



Table A-1. Carbon Tetrachloride Concentrations in Samples Colected at Depths >10 a Below the Water Table. (20 pages)

CmIeTmerfil e CMrNt,. Suaa.pe
(CM)y (CHQ, ownDet

wen Putt? Sunk M Rca Dab airc COMMN!

out N e W T p Be mS
(I hl (m b. ( MaS

299-VI4 *M991 4451 23 211 2.4 3u--w DOSSI*1-32

299-I154 01 991 40 23 22 2.4 SaSmm DOEOIRL91:32 Dopfila

299-WVIM 04 991 BIOS N 37J0 43 134 0.0 Baw DOEIRIAl912

299-W154 041991 S EN N 3784 22 172 52.0 -Bor DOAULAI-32

299W-I4 SWAM I lIS N 2651 64 41 49.0 S2.0 50. Poo lop DOEWL9I-32

29-W54 12/14090 005M N 2483 21 333 0.0 32.0 HEIS

299-W354 03/1U1992 916M N 2134 214 10 0.0 52.0 HES

299-W154 07/1M993 IMC4 N 2240 13 172 0.0 52.0 HE

299-wVI4 imno9o CV4 N 590 D 25 U 24 0.0 52.0 HES

299-M54 1U3Q1994 BCW9 N 91 5 U 19 0.0 52-0 HES

299-W154 1W24f994 300D47 N 794 D 4.5 176 0.0 52.0 HEIS

299-WIS-7 03O04f96M IUS0UVD3 N 2310 19 122 0.0 40.6 5.2 Stag1. HEM

299-WAS-7 112988 I09vDG N 230 24 100 0.0 40.6 5.2 Subwas HEM

29-WIS-7 OlWI9 100Q N 1700 P 5 up 340 0.0 40.6 5.2 Satoi HEIS

299-WIS-7 07/I4M1992 35(71 N 2400 E 1 160 0.0 406 5.2 Staws HEIS

299-WI5-7 0412/1993 0ow N 2345 24 9 0-0 40.6 52 Seen HEIS

299-W15-7 111111993 BMWU6 N 2200 D 17 129 0.0 40.6 52 Sam HEIS

299-WIS-7 04107/1994 B QM1 N 1952 21 93 0.0 40.6 5.2 Sutnem HEIS

299-W15-7 04107/1994 .BQM2 N 2636 25 107 0.0 40.6 5.2 Sat HEM1

299-WI5-7 0*15/3994 BOCXXI N 1900 27 J 70 0.0 40.6 52 aSmes HIS

299-WIS-7 0W15/1994 3C00 N 3 1 5 U I 0.0 40.6 5.2 ag HEIS

299I5-7 02±23'1995 B0DQ44 N 1300 D 15 37 0.0 40.6 52 S t HES

-I

00
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Table A-1. Carbon Tetrachloride Concentrations in Samples Collected at Depths >10 m Below the.Water Table. (20 pages)

CalmTraflCuN c O troa Saeuaowk

we" ~~~5Xe Coulee saptta#K Aade Depth
Mind Dot aute Comme

Dom Nline qa * tirTo Ues
(op (ea Riau UP(a hu" (a b" Den uaswF -1::(a b"t

299-WIS-7 0F14fl996 Bol51 738 93 1 19.4 KARIS B11141126. Dopri (1996)

299-WS-7 um139496 13154 707 100 7 2.1 KAS B3.14326.Dmf(1996)

299-WS-7 a1n1996 SmEs Mn 6 30.5 KAB 3433v26,Dnmsh(1996)

29-WS-NO 05=f9l 7 3D009t34 N 2740 24 114 0.0 2.3 6.0 Submmme HES

299-WIS-10 Wf1M917 H13093G7 N 2220 38 58 0.0 223 6.0 Sahlve HEIS

299-WIS-IS 124M937 1im199 N 3410 23 148 0.0 223 6.0 Suban HES
299-WIS-10 0BMW9C IN09M N 3730 26 143 0.0 223 6.0 eS. ' IM

299-W-i10 oMnsU MOOFAnuS N 4200 17 247 0.0 2.3 6.0 -t Hm

29WIS-I IIIIM9IS H09W47 N 3750 27 139 0.0 223 6.0 -0111S HEM

299-WI-lO 052390 13009484 N 2100 440 13 3 215 0.0 223 6.0 SAMOSS H-S

29-WS-O 01s12A991 3337016 N I003 13 77 0.0 22.3 6.0 S1m. MERS

299-WIS-1 0 061993 30D10 N 2327 10 233 0.0 a3 6.0 Sub=s HEIS

299-WIS-1 04M71994 90qL N 2131 12 -12 0.0 22.3 6.0 Sam HEIS
299-WIS-lO 0*22/3994 30000 N 1900 100 U 19 0.0 223 6.0 St,me l;ES

299-WlS-I0 0231995 BDOWM N 770 E 15 51 0.0 223 6.0 5dm, HEIS

299WIS-10 030339'995 DOF1 N Is 5 U 4 0.0 223 6.0 Suba . HEIS

299-WIS-10 0912/1995 B0OM N I500 E 14 107 0.0 223 6.0 Submer HES

299-WI-NO 031111996 BOMZ7 N 1900 25 - 76 0.0 22.3 6.0 Sdmscr HES

299-WIS-10 07M3/1996 BO3M N 2226 22 304 0.0 2±3 6.0 Submet HEIS

299-W15-10 11/12/1996 Dbi2FS N 2500 28 29 0.0 22.3 6.0 Submu HES

299-WS-10 12/1111996 801KG N 3100 42 74 0.0 223 6.0 Sub.mem HEIS

299-WIS-1 01127/1997 D0I30 N 4100 34 2i O. 223 6.0 StH FIES

>1

wz
Sa
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Table A-1. Carbon Tetrachloride Concentrations in Samples Collected at Depths >10 m Below the Water Table. (20 pages)

Carbo TdneMM@e Cmb& Savemmmawk M
(Chn (03004 Raft Su

wed Cased Usk* MVca./ DataSwe cemmext

Do N MuaxM a

(.hw (.1 W&

299-WIS-17 U1*91991 EDCCW4 N 5 U S U 1 5. 614 -".I Pm-Dip HES

299-WIS-I7 0~*[991 BDOOMS N 5 U 5 U I SM. 616 S9. Pa-Disp HEM

29-WIS-17 S81*1991 B0N0 N 1.2 J C. J 2 S.M 634 598 Pas DIp HEIS

29m-sn cimna Bu9 K 2A .L 1 SM 61A 59.8 saM p IBS

299.WIS-17 GaM99 34 N 1.1 JG 5 UG 0 S. 616 i"9 Fm-Dip Hos

299-WIS-7 UqoWC DomW N I 1 1.7 5 I 58.5 61. 59.8 Fm Dip HES

299-WIS4-7 iKMnW93 O0H4 N 1.2 L GA U 5 5.5 614 59. i- Dip -SM

29-WAS-7 I/1W1993 8M 6 N 4 IA 3 58.5 61. 59 Pas Dhp E

299-WIS47 09271994 3000V N OA L 0,21 L 2 58.5 61A 59.8 i- Dip -OR

299-WIS-17 OM23fl994 ROCWY3 N 1 1 I I 5I.5 614 591 i-sDp -S

299-WIS-17 13 0B4 BW7HE N 0.79 L 0.91 1 5. 61.6 59. Po DIp HEIS

299-WIS-17 0S)MW1995 DOFOf N 1.3 .il 2 SM. 61. 59.8 Po Dip HEM

299WIS-17 11995 VOOM N 1. a 1 2 58.5 61.6 591 PoeDIp 1IS

29-W15-17 @58711996 DBK9 N 0.7 X 0.18 1 51.5 61. 591 fs DiSp HElS

299W1S-17 0ILVV997 mom N 2A I.A 1 58.5 61. 59A PasDbP HEIS

299-WIS-17 07*11997 BES N 4 J 2 J 2 58.5 61.6 59. Po Dhp mEm

29-WS-17 0M5O199 0 IB N 12 1 JQ 32 58.5 61.6 59.1 Pm m HES

299-WIS-17 07/14i1996 ImR N 9 2 JQ 5 58.5 63.6 591 Pm DIp HEIS

299-WIS-17 011161999 BMTFH4 N 7 2 J 4 51.5 61.6 591 PoDisp HES

299-wIS-25 12/111994 _ __I r964 D 297 D) j 1.I 2.4 2.1 81414039

299WIS5-25 12117/199 75 D 450 D 0 3S9 5.7 42 DHI-003

-a
w
-a
-a



Table A-1. Carbon Tetrachloride Concentrations in Samples Collected at Depths >10 m Below the Water Table. (20 pages)

Cab..Tdnehcbdd COMer. Smataph
was AMM am* mme (Ma (Clit aos Dmft

WaB twa (""'ad7 ccpa Data S@uc Co..est
JIM Numbs ca -- - Daf - casf

* __ * L. ~ Top SOMEb~I

(a b"e
239-WIS-2 UiaW 1.6 410 D 08 .8 . uH 99

239-Wins *IAflhB. 504 D 0 17.3 17.9 17A

29-WI S- S lo195 2800 900 3 0.0 PIIO-I1470

299-WIS-jo Swu 1995 2900 910 3 1.5 FfL-I 1470

2L9-WIS-30 0M451995 3000 940 3 3.0 PNL-I 1470

29-WI5-30 N4I995 2700 60 -3 4.6 PNN014170

2mw -30 meWnu 3m 930 3 7.6 PNL-11470

299-WI 5-30 SOWUU 3000 940 3 10. PWL-1 1470

299-WI5-30 GODS" 200 900 3 7.6 NIG,11470 DetaM

299-WIS-3 0345/1995 2700 1000 3 10.7 MNL-1i470

299-WIS-30 60M/19 800021 N 3400 D 1100 D 3 0.0 2 0.3 PosDisp 121S

299-WIS-30 721996 Dm0048 N 4640 10 26 0.0 8.2 0.3 PasDimp HMES
299-WIS-30 9131996 MH1234 N 3900 110 35 0.0 82 0.3 PaV DiSp HEIS
299-WIS-30 10FIMW1 DG!E7 N 5300 91 58 0.0 82 0.3 Pcs Dimp HES

239-WIS-30 1111311996 DOJVI N 5000 72 69 0.0 2 03 Pa Dimp HEM

299-WI5-30 12*1996 WIM) N 5700 72 79 0.0 8.2 03 Pm Dimp 12Em

299-WI5-30 1/I997 30D6 N 5900 74 so 0.0 32 0.3 Pus Dip HEMS

299-WIS-30 1IlO9 8033D7 N 6500 79 12 0.0 82 0.3 Pas Disp HEIS

299-WI5-30 2f41997 BNYWS N 6500 49 133 0.0 2 0.3 Pa Disp HES
299-WS-30 312WI997 BMRP7 N 6000 61 98 0.0 8.2 03 Pas Dip HEIS

299-WIS-30 521/1997 B36C5 N 4000 50 s0 0.0 1.1 0.3 Pm Dip HES

299W15-30 7/1711997 809M N 5700 57 100 0.0 .2 0.3 Pm Dip HES

40 C5
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Table A-1. Carbon Tetrachloride Concentrations in Samples Collccted at Depths >10 i Below the Water Table. (20 pages)

Curbe TerscMaridie Cb0arbm scremaiSample
(CC4) (COC61 I"De NOgi

WON CRW! M"& ked? Ccd DSft Sn Comm"es
D af Number

guREOOuL Enw rb &b Ikep* US

29.wga-1 w 9wIo nOuAO N 1100 10 110 0.0 60.0 63 SW. HES

299-wnI-1 41139 f 2C N 1400 10 140 0.0 60&0 63 4Smb Es

299-W11 411511939 DOV2I N -1200 I 3 67 0 0.0 600 63 S*.., -im

239-WIs-1 7111193 UOtIU N 1200 7 171 02 60.0 6.3 Ss.. EIS

299-WIS,7 31J991 100736 N 929 654 1 0.0 17.9 2.3 Ffsbp I

299-mi-2 l2MI9i 1001fl N 3200 E 300 E II 0.0 17.9 23 Pso DI IS -

2"9-WIS-2 111119" 89CIS N 3700 250 U is 0.0 17.2 2.3 Pt Disp His
2W9.WIS2 31111991 DE? Y S U S U I 0.0 17.5 23 PeWDisp HIS

299-W154 S UN WIWn1 SODOM N 4300 120 3 36 0.0 17.8 23 PasDbp HERS

299-WItl 2011995 BomQi N 2100 72 3 29 0.0 17. 23 Pos Disp Em

299-WI&S0 02I6M1991 16007167 N 193 14 14 6.0 DOEJRIL-32, WIC-EP-674

2W10 W WOM9 ISIN N 173 35 12 6.0 DOEFAL-91-3Z WHCV0674

2W-W"tS 06f11992 06"110 N 170 20 9 0.0 3.0 1.5 WHC-EP0674

299-WIS-20 0301M1993 3M70 N t00 3 8 12.0 WHC-EP0674

299-Wit-2i 0412/1993 BOMM N 35 5A 6 0.0 3.0 1.5 WHC-EP0674

299-WIS-22 1P051190 160092M N U 5 U I 2.0 71A 70.7 h Dip HEIS

299-WVIS- hu2r19 IOOO 6 N 5 U 5 U 1 62.0 71.4 70.1 to Dist HE1S

299-WIS22 06111919 1009fl0 N 5 U 14 5 U I. 1 62.0 71A 70.7 Pas Disp HES

299-WIS42 07131/1919 H60091Y4 N 5 U 1.1 5 U I. 1 62.0 71A 70.7 Pm Diqp HEmS

299-WIwM Oa'nn I ffXl N 5 U 1.1 5 U I.S I t2. 7A 70.7 PDi i

C

w
S
bJ



Table A-1. Carbon Tetrachloride Concentrations in Samples Collected at Depths >10 m Below the Water Table. (20 pages)

Caf mTrmsherIe Cl. u brs S MmIPSewle
(CM)d (CHO* Raft Depft

wen sered? CCI Data Soane Ca--

(m b" (.hbwQ Deq& MathS

299-WIt-22 0M9W IUO9m N 5 U I.s U 1.1 1 62.0 71A 70.7 ?oDisp HEIS

299-Wit-22 006fl991 fIZ N 5 U 5 U I 62.0 71A 70.7 PalDip HES

299-W.IS22 MG0 9M 3064 N 5 U 5 U I 62,0 71A 70.7 P Disp HS

299-W f.l $21/ S 30D4W N S U S U 1 62.0 71A 70.7 Fmr Dh HEIS

299-WIS-22 M2 7W19* DOM"? N S U 5 U I 62.0 71A 70.7 Poo DIp HES

299-WIS-22 OW11993 B0910 N 0.7 U 0.4 U 2 0.0 71A 70.7 PoaDimp HEIS

299-WIS-22 I139fM9 B0O99 N 0.12 U 0.04 U 3 62.0 71A 70.7 PosDisp HES

299-W-IS2 0i/W BOOYM N 032 U 0.05 U 6 42.0 71A 70.7 PmsDimp "Em

299-WIS22 11=M996 UW7U N 0.4 U 0.M U 2 62.0 71A 70.7 PusDisp HES
299-WIS-22 0m111995 DQ N 0.34 L 0.04 U 9 62.0 71A 70.7 PaOs Disp HS

299-Wit-22 uinm/9m b0o N 0.04 U 0.03 U I 62. 71A 70.7 PosDisp HEIS

299-WIS-22 fl8lS6 D UMUA N 0.05 UX 0.07 U I 61. 71A 70.7 PWmDIsp HEIS

299-WIt-22 OC1997 3WH N 0.5 U 0.3 2 62.0 71A 70.7 PosDisp HES

299-Wit.2l OVMW"fl9 DOLUC N 0.14 U 0A 3 0 62. 71.4 10.1 NsDisp HERS

299-Wit-fl 0161* DWmD" N 0.14 U 0.17 U 1 62.0 71A 70.7 PtOis . HES

299-WIS-22 077141936 IWI N 0.4 03 JQ 1 62.0 71.4 70.7 Pa Disp HEIS

299-WIS.2 OW 99 OfTFL2 N 0.16 U 0.3 J 62.0 71A 70.7 PO Disp . HEIS

299-WIS-22 071721999 M0Vf23 N 0.15 U 03 J 1 62.0 71A 70.7 Pas Disp HEIS

299-W19-4 2S99 B09MD N 230 DQ 3.1 74 0.0 7.0 3.2 SW-! HES
299-W19-4 06311994 NCW14 N 2 0 4 J 60 0.0 72.2 3.2 Su E HES
299-W194 0e2ffI994 BCIM4 N 240 E 3 J 93 0.0 I. 3.2 sa.n HE3S
299-WV94 0VS1994 BOCIM4DO N 270 D 3 Di 90 00 70.5 32 SM m HES

'-A

tt)



Table A-1. Carbon Tetrachloride Concentrations in Samples Collected at Depths >10 - Below the Water Table. (20 pages)

Cahes TetraeMere C~udom ScnsENmpe haptkp4

Wes AAM sM1 san. (C14 (cRcM Raoe Dvpa
Wd r nereilCCaf DANaouc CRmn

Sr.. Z* g,,. F" Top .mmo sumpfiq
(M~ ~~( b"bMb O&) d

299-WI9 WS11994 MOCDOOCI N 230 1 3 j 77 0.0 78 3.2 Stins HEIS
299.WI94 0*21994 .3CXR5 N 190 3 1 63 0.0 71.2 3.2 Sv HE5

299-W194 tamifO 9OW= N 230 3 3 77 0A 78.2 3.2 Su HES
299-W194 12411W MYt17 N 260 D 3 87 0.0 7.9 3.2 Sm HEIS

299-W194 06341196 3MfK4 N 210 D 2 105 0 7LS 32 Stmas HEIS

299-W194 0614997 DOLt) N 25 y 0.17 U 147 0A 71.t 3.2 Stming HES

299-Wi94 0Sll90 SINg 9 N 110 D 4 - 2. Io 7.8 3.2 Seb-w HEM

299-W194 WP0f1993 180 3.1 46 3.9 ?l' p v"340M14

299-WI4 OMens 190 9.1 0.7 9.9 Pm CDap 314049

299-W194 MI9 200 21.3 22-9 22.3 PaDIMp DM-0549 >2M L

299-W19618 0/141gS HMOQ N 23 5 U 5 0.0 32.0 19 Sebms HE

299-WI9-18 07=2l1198 UMCIUQi N 57 3 U 19 0.0 32.0 19 Suba HES

299-W1948 12/M/9S8 1inU3 N 9 5 U 2 0.0 32.0 1.9 Submets HES

299-WI948 @Y26399@ IMUMUS 1 89 14 3 U 1.8 30 0.0 32.0 1.9 Saus H-S

299.L1948 OIIU1991 -EN1111 N 91 2.4 38 0.0 320 19 Sims EIS

299-W1918 01133992 Demt N 122 3.5 35 0.0 32.0 1.9 Subm s -HES

299-W19l 1I27t1992 DM362 N 143 2.7 53 0.0 32.0 1.9 Stme HES
299-W19-18 0Mom 4 nIJ N 130 3 J 43 0.0 32.0 19 Sib HEIS
299.W19-12 0448~1994 DUKJS N 140 3 J 47 0.0 32.0 1.9 Subms HEIS

299-W19-18 04461994 BMRl N 170 3 1 57 0.0 32.0 IS Staso HENS

299-WI18 04i11994 309D44 N 180 D 19 . 95 0.0 32.0 1.9 Staivn HEIS

299-WI9-Il 012311994 3Co0 N 170 29 6 0 312.0 1.9 Sbmem HES

0~

W0

6A



Table A-1. Carbon Tetrachloride Concentrations in Sample Collected at Depths >10 a Below the Water Table. (20 pages)

CorbSTeflclrmde CSwwnbfm SmrASaieNO

wes mi(CCme (CCIR Rat DPSups
Dab N b, - CC. DaSow= Com

ap ' leer% Top 3mm IRSk
(a h" (m b" Ned

299-WI942. I2mM 901164 N 260 D 2.9 90 0. 32.0 1.9 Sam HEIS

29WW19E- SSIUS 8h10S N 22 D 6.8 41 00 32.0 19 S u HIS
29 949-E UN/ isw SaE N 300 4 U 75 0.0 32.0 1.9 Submmg HEIS

299w1941 46131136 DUWQ9 ii 370 E 4 1 93 0.0 32.0 1.9 Smns mES

29mWg-ti ownnimsi MU N 260 D 2 130 0.0 32 1.9 8mm M
299-W19-IS 06VW1996 Dn N 330 4 U 33 0.0 32.0 1.9 SO = ISS
299-W394 0fl36 DOI N 300 2 U ISO 0.0 32.0 1.9 S. HIS
29WW19-I8 maGNS OM0 2 N 270 4.6 59 0.0 32.0 I. Sn' IM

2WW19- 8 IS' U6 3M3 N 2M D 25 U 11 O. 32. 1. Siab HEIS

299-Wa9-IS eiamgs 30000 N 290 3.3 11 0.0 32.0 1. Sb, HEIS

299W19-Wf 061171199? BEJ N 24 Y 0.17 U 141 0.0 32.0 Is Stbmm HIS
299-WILI8 12OM9? BOOX N 100 D 2 3 50 0. 32.0 IS Subm HES

299-WII I2M/299S 3645 N 27 0.1 UQ 270 0.0 32.0 1.9 sdm uEIS

299-W19-15 121391991 301F66 N 24 2 JQ 12 0.0 32.0 1.9 Sam HEIS

299-WI94t 12fMM) 97.0 .2 9.S 9.0 Pa DIV MHI0149

290-WIS-S3 O28M W IN 232 24.7 24.0 Pmn Dp M1140149

299-W19-34A 06/171994 32* 24.7 29.6 27.2 Pus Diqp DHI-00U49

299-W19-34 41,01119$ BO0OM N 60 347.7 Suum HES

299-W39-34B 0W111995 BD0003 N 5 U 5 U 1 47.7 Smb HES

299-W19-34B 05117/1995 BF0G7 N 52 10 5 47.7 Suben HES

299-W19.343 omnmg9g B0GFG04 N 77 9 9 47.7 Sub HEIS

299.W19-348 06/17/1994 0 37.5 39.0 38.3 MaM 9H1-00149 <2 q'L

-J

00



Table A-1. Carbon Tetrachloride Concentrations in Samples Collected at Depths >10 m Below the Water Table. (20 pages)

Cara* Tartmdsm cimflu Smeu ampk
(CCIW (CHC i Dabm Dqf

Wellet Coe CSM Dtase a camae t

Oak trwmow ap . cum T p Bom l ORh
(mahWQ (m b" uf) V

299-W19-34 0627/1994 0 44.2 45.1 44.7 Bbdy B-00149 <2 O/L

299-W19.34 07/13/1994 2. 51.2 52.7 52.0 DMM 31-00149

299-Wi9-34 seMn ISA 62.8 64.0 63A SM. 31940149

299-W19-43 O IUm 0 7n.4 . 79.0 mo-- ile0149 <2 /L

299-W -34B W121994 0 .3 91.1 90.2 MuBI-00149 <2qOL

299-f2 12flM9Z l ITe N 32 5 U 34.5 57.7 57.7 PmNip HEM5

299-W27-2 MIM" N N 3A Q S U -C. 57.7 77 PasDhp S
299-M-2 oU WINS mm N 43 L 0.6 L - 5 57.7 77 Fm D* HE
299-W27-2 01=1993 DO N 4.9 L MS L 7 5i 57. 57.7 PoL~ap I
299-W27-2 2MMins DOWN N 3. Q 0.3 L 12 34.5 57.7 57.7 PmDp JIS

299-Wi7-2 0312 3995 3U3M44 N 53 035 L 15 54.5 57.7 57.7 Fs Dhp HEIS

299-2 o6fwm69 sarmP N 3 . I.OM u 44 S4.5 57.7 57.7 POS Div HEm
29M-92 em41997 mmi~a N 4 1 0.7 U 24 54.5 $7.7 57.7 PmsNIP HEM

MINIM27 Olon9 BWM!I N 5 1 j C J I W4. 57.7 57.7 Fm Dbp HEm
299-W27-2 a0111999 0VF6 N 5 J 0.5 3 10 34. 57.7 57.7 Ps Di3p HmES

6994-71C 03123/1994 HO5Y4 N 42 L 0.1 L 5 20.0 26.1 24.2 Pa6Dip HEIS
6994-77c oSiW4 UC7PU N 4.4 L 0.76 L 6 20.0 2.3 24.2 Pas DIV HERS

699411-77C 1013t/199d BOD9 y 5 5 U 20.0 26.3 242 icD p HERS
699-48.71C 04/17199 B0F820 N 3 1 5 U 1 20.0 26.1 24.2 Fm Dp HES C

699-4-77C 04/17/199 D0F821 N 3 1 5 U 1 20.0 26.1 24.2 PaDsI HERS

00



Table A-1. Carbon Tetrachloride Concentrations in Samples Collected at Depths >10 m Below the Water Table. (20 pages)

CbatTetfcMarde Cmefam Sereemilample

___ jCa Ds.Sovrt Comm

VIPL * m pl * 1w Depth SSOI
I(.(al) 

____M)_________ ______

69948-7c 07f2/9 DhG4W6 N 5 5 U 1 20.0 26.1 24.2 Pm Disp HES

ff9.48-7c 30411995 Ne0rO N 4 0D . 6 D 20 261 24.2 ?Di HS

M494-7Xc G1115196 BUMWS N 0.6 3 20. 26.1 24.2 aDisp HI0S

t M%4*-7C OIGSMti DUCTS N 0.7 3 20 261 24.2 Pas DiV HES

699-4-7C 04016 MEW N 0.7 1 2.0 26. 2 Pom Mw HMS

6994t-7iC 0JM15 MI.ai N 6 0.7 1 9 20.0 26. 242 ftSDip MOS

M42-nC IGaIE DOiMr6 N 5 09 1 6 20.0 26.1 24.2 PaDimp HOES

499&4-7JC 01fI 910104 N 6 09 U 7 20.0 26.1 24.2 ?aDp HERS

69.4*-7C 04102/1997 033W N 6 09 U 7 20.0 26.1 24.2 ftDhp Hl

699.48-7C 00211997 sum34 N 6 09 U 7 20.0 26.1 24.2 P Dip HIS

699-48-tiC 00W1997 M3W94 N 6 09 U 7 20.0 26.1 . 24.2 Pas Di. HIS

69948-7JC 12J7l1997 SU74 N 7 0.9 U 200 26.1 243 Pom Dmp HES

699-48-7C mE/lIPS 3MIY6 N 8 0.9 U 9 20.0 26.3 24.2 PmfDisp HIS

6is-s-7nC QS1998 RUIJYS N 6 0.9 U 7 20.0 20. 24.2 Fs Dilp HEIS

69948-7JC 041199 KUGm l N A 0.8 1 t0 20.0 26.1 24.2 Fee Disp HUS

69948-77C 07JAM9196 KUI N 7 0.9 1 S 20.0 26.1 24-2 Po Disp HEts

699-4-tJC IWIMI9 13&4W N 7 0.7 3 10 20.0 26.1 24.2 Is Disp- HES

699-4-77C 011I31999 KO32 N 6 0.1 1 1 20.0 261 24.2 Pas DLp MEU

69948-77C 04/21999 KUUW4 N 4 1 O. U 10 20.0 26.1 4.2 P_ Di tmERS

V

~j w
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